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SUCCESSFUL AUrOlRANSPLANlATION OF THE 
ADRENAL GLAND IN THE DOG 

lOHX L KECLEY, MD 
T ENGLEBERT DUNPHl, AID 
T B QUIGLEA, AID 

A^D 

JOHN ERA'E BELL, AID 

BOSTON 

Autotransplantation ol the adrenal gland in the rat and in the guinea 
pig has been reported b} a number of im estigators ^ liowever, it is 
general!} accepted that such a graft undergoes partial neciosis which 
IS lollo\\ed b} regeneration of cortical tissue onl}' A successful trans- 
plantation of the Mhole adienal gland in small animals has not been 
described 

Crowe and islocKi - were among the first to attempt to trans- 
plant the adrenal m the dog They observed that when fragments of 
the gland were placed in muscle only the cortical tissue survived Such 
transplants w ere found to be functionless Oldberg ® and Blodinger 
and his co-w^oikers also weie unable to obtain functioning autogenous 
grafts of the adrenal in the dog Recently, however, Levy and Blalock ® 

From the Laborator\ of Surgical Research and the Department of Surgery 
of the Harvard Aledical School 

1 Jaffe, H L Transplantation of the Guinea Pig Suprarenal and Function- 
ing of Grafts, J Exper Aled 45 587, 1927 Wyman, L C, and turn Suden, C 
Studies on Suprarenal Insufficiency Growth of Transplanted Cortical Tissue m 
Rat, Am J Physiol 101 662, 1932 Ingle, D J , and Higgins, G AI Auto- 
transplantation and Regeneration of Adrenal Gland, Endocrinology 22 458, 1938 

2 Crowe, S J, and Wislocki, G B Experimental Observations on Supra- 
renal Glands with Special Reference to the Functions of Their Interrenal Portions, 
Bull Johns Hopkins Hosp 25 287, 1914 

3 Oldberg, E An Attempt to Transplant the Adrenal, Am J Physiol 
91 225, 1929 

4 Blodinger, I , Klebanoff, H E, and Laurens, H Suprarenal Trans- 
plantation in the Dog, Am J Physiol 76 151, 1926 

5 Levy, S E, and Blalock, A A Afethod of Transplanting the Adrenal 
Gland of the Dog with Reestablishment of Its Blood Supply, Ann Surg 109 84, 
1939 
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have reported transplantation of the kidne}’’ together vith the adrenal to 
the neck (with i eestablishment of the blood supply by sutuie of \essels) 
and subsequent removal of the kidnej In their preparations both the 
cortex and the medulla of the adrenal leniained viable The method 
of transplanting the adrenal gland described hei e resembles that of 
and Blalock ^ in that viable grafts of both the coi tex and the medulla 
were obtained This was accomplished, how e\ ei b\ grafting the adrenal 
to the ovary without suture of blood vessels 

MATERIAL AND METHOD 

The general procedure was as follows Mongrel bitches weighing between 5 
and 10 Kg w'ere used in all experiments The operations were performed 
aseptically with the animals under intravenous sodium pentobarbital anesthesia 
The adrenal was approached through a transpentoneal upper right rectus or 
oblique subcostal incision By careful dissection the lower pole of the adrenal 
gland was partially mobilized The neuro%ascular connections to the remainder 
of the gland were not disturbed In none of the preparations was the lumbo- 
adrenal vein ligated or separated from the adrenal gland at this stage The o\ar\ 
on the experimental side was then mobilized and drawn up to the adrenal, care being 
taken not to interfere w'lth its -vascular supph The ovarian bursa w'as incised, 
the ovary being exposed A small portion of both ovar\ and adrenal w'as then 
excised so as to create raw' bleeding surfaces, which were united b\ mattress 
sutures of fine silk At a second operation, two to four weeks later, the adrenal 
was separated from its remaining normal neurovascular connections and, together 
with the adherent ovary, was brought into the peritoneal cav itv Its position there 
was maintained by suturing it to the anterior abdominal wall Excision of the 
opposite adrenal gland was performed either before or after the final trans- 
plantation, usually as a separate procedure Variations of this procedure and 
the results obtained are show’n in the accompanjing table It will be noted that 
whenever the vascular supply of the adrenal was divided at the first operation 
the experiment failed It is necessary first to furnish the adrenal with a new 
blood supply through the ovary and then to separate it from its normal neuro- 
vascular supply 

RESULTS 

T-welve experiments were performed, 4 of which weie successful 
Several factors account for the 8 failures Experience with the opera- 
tive technic is essential Operation in stages not only permits the 
establishment of a new blood supply from the ovary to the adrenal but 
minimizes operative shock As already noted, all attempts to accomplish 
grafting and division of the blood supply of the adrenal m one stage 
failed (experiments 1, 2, 3 and 10) The method of joining the adrenal 
to the ovary is of considerable importance In the early experiments 
this was accomplished by excising a small fragment of both adrenal and 
ovary and then uniting the raw surfaces with mattress sutures In onl} 

2 of 5 attempts (experiments 4, 5, 6, 7 and 8) was the new vascular 
supply sufficient to maintain the life of the graft In 3 instances the 
glands were partially bisected and the cut edges interlocked, or “sand- 
wiched,” together This “sandwich” method proved more efficacious 



AnioUausplaniaUon of the Adtcital Gland m the Dog 



Pxperl 





ment 

Siirjha! 



Procedure 

^o 

Period 

Result 

Comment 

T\ro stacc operations 

1 

7 dajs 

rnllurc 

All attempts to divide 

1 Rlcht ndrennlectornj 




blood supplj to adrenal 

2 Mobilization and (jratt 

n 

1 daj 

rallure 

at same time that it 

injr ol leit adrenal 




was attached to the 

(ncuro\nEculnr supply of 
adrenal divided) 

3 

9 days 

Failure 

ojarv failed 

Three stacc operations 

3 Mobilization of riebt 

4 

0 days 

rallure 


"idrenal and praftinj; to 

1 

Ih inglu 

Success 


ovary (adrenal blood 


months after 



'upplj left intact) 

2 left adrenalectomy 

3 Grafted adrenal sepa 


last operation 



rated from Its normal 
%nsculnr 'upplj and 
brouaht into the peri 
toncal cavity 





Three staae operations 

0 

Pled after 2d 

3 allure 


1 Bilateral mobilization 


stage operation 



and cnftinp of adrenals 
to o\BTi (adrenal vas 
cular Eupplj left Intact) 

7 

9 days 

Failure 


2 Tveision of one craft 

e 

10 months. 

Success 

Physiologic actijity of 

and ovary 


killed (died 


graft proved by death 

3 ‘Reparation of remalnlnK 


jdajs after 


of the animal from 

craft from its normal 


excision of 


adrenal insufUeicncy 

aaccular supplj and 
tran'plnntation Into 
the peritoneal cat it j 


transplant) 



Three stace operations 

1 RIcht adrenalectomy 

3 

2dojs 

Failure 


left adrenal mobilized 
and attached to ovary 
(adrenal blood supplj 
intact) 





2 Partial freeinc of craft 

3 Complete frcclDC of craft 





from its normal vas 
cular supplj 





One stace operations 

30 

G dijE 

Failure 

Failure attributed to 

{ ‘sandwich technic") 




fact that vascular 

Richt adrenalectomy 




supply of gland was 

Mobilization and craftmc 




dijided at time of 

of left adrenal 




grafting 

Four stace operations 

11 

living 14 

Success 

Physiologic activity of 

( ‘sandwich technic") 


months after 


graft projed as ta 

I left adrenal crafted to 


last operation 


experiment 8 see text 

ojarj (blood supply 
intact [‘‘sandwich tech 

32 

1 jear killed 

Success 

for details 

me ’] see text) 


(died 10 days 



2 Right adrenal crafted to 


after excision 



overy (blood suppy 
intact [‘‘sandwich tech 
nic”] see text) 


of transplant) 



3 Right transplant sepa 





rated from blood supply 
and together with ovary 
brought into peritoneal 





cavity 

i Excision of left adrenal 






"ind ovary 


3 



4 


ARCHIVES OF SURGERY 


Two of 3 attempts (expeiiments 10, 11 and 12) ^\ele successful, and 
the single failure can be ascribed to the fact that the entire proceduie 
was performed in one stage 

It IS interesting that in 2 of the 4 successful expeiiments (experi- 
ments 11 and 12) the opposite adrenal was not excised until after 
transplantation of the graft into the peritoneal cavit}, so that at the 
time of transplantation there was no acute physiologic need for the 
graft Similai exceptions to Halsted’s ® “law of deficiency” ha^ e been 
noted by Shambaugh ^ in working with the paratliyioid and by Le \7 
and Blalock “ m experiments performed with the adienal 

The 4 animals on which successful transplantations were pei formed 
have remained m good health for ten, twelve, fouiteen and fifteen 
months lespectively since the removal of the opposite adrenal gland 
All have either maintained their oiiginal weight oi gained weight In 
2 instances conclusive evidence of the activity of the cortical portion of 
the transplant was obtained when death from cortical insufificiencv 
occur! ed in five and ten days respectively after excision of the grafted 
tissue (experiments 8 and 12) During this peiiod the dogs showed 
anorexia and weakness, and there w'as a terminal fall in the level of blood 
chlorides and m the blood pressure The obseivations at autopsy weie 
those usually associated w'lth adrenal insufficienc} Theie w^ere ulceia- 
tions of the mucosa in the upper part of the gastrointestinal tract, niaiked 
congestion of the pancreas and moderate congestion of the kidnevs 
and liver The spleen was small and conti acted In 1 dog the tlnroid 
was four to five times the normal si/e The enlaigement was symmetric, 
involved both lobes and grossly and microscopical!} had the appearance 
of a colloid goiter There w'as no hyperplasia, c}st formation, hemor- 
rhage or adenoma No accessory or remaining adienal tissue was found 
Gross and microscopic examination of the pituitaiy showed no vaiiation 
from the noimal 

At the time of removal (experiments 8 and 12) the transplanted 
adrenal tissue was easily recognized On cut section the medulla was 
somewhat i educed in size, but the sharp conti ast betw^een it and the 
cortex was well preserved On microscopic examination (eosm-meth- 
ylene blue and hematoxylin and eosin stains) the cells of both the cortex 
and the medulla appeared normal There was no h} pei trophy or h} per- 
plasia Ganglion cells and unmyelinated nerve fibeis w'ere seen m the 
capsule and medulla of the transplants Myelinated neives could not 
be demonstrated with certainty This is in accoid wnth the studies of 

6 Halsted, W S Auto- and Isotransplantation, in Dogs, of the Parathyroid 
Glandules, J Exper Med 11 175, 1909 

7 Shambaugh, P Autotransplantation of Parathyroid Gland m the Dog 
Evaluation of Halsted’s Law of Deficiencj', Arch Surg 32 709 (April) 1936 
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Elliott,® who showed that after denervation of the adienal there is a 
degeneration of myelinated neive fibers up to their termination m the 
medulla Similar obseivations weie made by Holhnshead,® who noted 
that unmyelinated fibeis peisist after removal of the uppei lumbar 
S3mipathetic chain and both splanchnic neives and denudation of the 
adrenal Such nerves probabl}' arise from intrinsic ganglion cells Lev)"^ 
and Blalock® found only unmyelinated nerves m tiansplanted adrenals 
A layer of very vascular connectne tissue joined the adrenal to the ovary 
In the latter there were numerous ) oung follicles, some of which appeared 
cystic 

The behavior of the animals m nhicli transplantation has been 
successfully carried out has not been alteied Lev) and Blalock 
obserred a normal pregnancj in a dog with a transplanted adrenal, but 
none of our animals have been in heat, perhaps because of the utilization 
of the oraries in the autotransplantation At the time of writing the 
blood pressure of these dogs is maintained at normal levels, and no 
significant variations of the “fasting levels” of sugar, nonpiotein nitro- 
gen, albumin, globulin, calcium and phosphorus in the blood have been 
noted As the histologic observations indicate a successful transplanta- 
tion of the entire gland, these animals should react physiologically in 
the same manner as do animals m which complete denervation of one 
adrenal and excision of the othei have been performed Further studies 
of the metabolism of these dogs particularly m relation to the functional 
activity of the transplanted medulla, are m progress 

SUMMARY 

A method is described of autotransplantation of the adrenal gland 
of the dog by grafting it to the ovary without suture of blood vessels 
Twelve experiments were performed, 4 of which were successful in 
that the graft maintained the life of the animal after removal of the 
opposite adrenal In 2 dogs the transplant was excised and was found 
to be composed of viable cells of both the cortex and the medulla The 
activity of the cortical portion of the graft was proved Further studies 
of the metabolism of these dogs, particularly m relation to the functional 
activity of the medullary portion of the graft, are in progress 

8 Elliott, T R The Innervation of the Adrenal Glands, J Physiol 46 
285, 1913 

9 Holhnshead, W H The Innervation of the Adrenal Glands, J Comp 
Neurol 64 449, 1936 
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A CLINICAL PATHOLOGIC STUDY DEMONSTRATING WHY MOST 
MASTECTOMIES RESULT IN INCOMPLETE REMOVAL 
or THE MAMMARY GLAND 

N FREDERICK HICKEN, MD 

SALT LAKE CIT\ 

Simple mastectoni}' is an operation fieqiiently attempted but seldom 
accomplished Bold as this, declaration may seem, it is true 

Theoretically the term “mastectomy” indicates complete excision of 
the mammary gland and does not apply to incomplete removal, partial 
resection or subtotal ablation In practice ho\ie\ei, the vast majority 
of so-called “mastectomies” accomplish nothing more than incomplete 
extirpation of the mam mass of mammary tissue While the surgeon 
aims to remove all of the mammarj^ glmid, he invariably leaves some of 
it behind to undergo either normal involution or pathologic change 

During the past three years, caretul anatomic and histologic studies 
have been made of all breasts sent to the pathologic laboratories of 
seveial laige hospitals The mastectomies had been done by well trained 
surgeons, many of Mdiom had had considerable experience m surgical 
treatment of the breast In practically eiery instance no difficulty was 
encountered in demonstrating that the breast had been mcompleteh 
removed and remnants of mammary tissue left in the operative area 
This IS no criticism of the excellent technic and ability of the operating 
surgeons, lather, it emphasizes certain anatomic peculiarities of the 
breast I myself was by far the most persistent oftender 

Embryologically the breast represents a modified sebaceous gland 
which has assumed a highly specialized function Its ultimate size, shape 
and ramifications depend largely on the age and physical status of the 
patient and the functional experiences of the gland It is composed of 
fifteen to twenty lobules, each of nhich has a separate ductal opening 
on the suiface of the nipple As a general rule, six to eight of these 
lobules assume fully 95 per cent of the functional load, the remaining 
segments being small and poorly developed 

Accurate anatomic patterns of the lactiferous ducts can readily be 
obtained by means of roentgen studies with a contrast medium ^ The 
mammograms give a clear visualization of the ducts, denoting their size, 

1 Skiodan viscous for this purpose was supplied b} the Winthrop Chemical 
Co , New York 
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number, confoinmtion and distiibution (fig 1) Dm mg the past three 
} ears more tlian 385 manimogiams have been made, and the lanufications 
of the lactiferous ducts have been caiefullj studied = It is evident that 
tlie mammal y gland does not occupy a small locahred aiea on the 
anterior wall of the chest Instead, its ducts ate nidely distributed ovei 
the entile anteiolateial aspect of the thoracic cage In fully 95 pei cent 
of cases the visuahred ducts ascended into tlie axilla, and in some 



ot 


Fig 1 — -Mammograni showing the injected lactiferous ducts passing around the 
pectoral muscles as they extend into the axilla A fibroadenoma occupies the low er 
mammary segment 

instances they followed the brachial plexus and blood vessels into the 
apex of the axillary fossa All obstetricians appreciate the frequency 
with which this axillary segment becomes stvollen and engorged during 
the early phase of active lactation In 15 pei cent of cases the ducts 
were seen to pass downtvard and medially into the epigastric space, and 

2 Hicken, N F Mammographj The Roentgenographic Diagnosis of Breast 
Tumors by Means of Contrast Substances, Surg , Gynec & Obst 64 593-603 1937 
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in 2 per cent the}^ follo^^ ed the lateral wall of the chest beyond the antei lor 
borders of the latissimus doisi muscle In 2 instances the ducts were seen 
to cross the nndsteinal line, but in no instance uere there anastomotic 
communications with the opposite breast ^ It was surprising to see 
the frequency with which the injected ducts came m intimate contact 
with the ovei lying skin This was particularly true of the lactatmg gland 

(fig 2) 

These mammogiaphic studies cleail} demonstrated that the lactifeioui. 
ducts spread over the entire anterolateral ^^all of the chest It follows 
Iheiefoie that simple mastectomy requires denudation of an extremeh 



Fig 2 — Breast after injection of the ducts with a contrast medium Note how 
closely the large duct and its ramifications approach the skin This represents the 
ramifications of only one lobule of the breast of a multipara duiing its quiescent 
state 

large patt of the thoiacic wall if all mammaiy stiuctures are to be com- 
pletely removed 

An appreciation of the anatomic distiibution of the lactifeious ducts 
combined with observation of the conservative type of opeiation 
employed in the usual mastectomy suggested to me that in many 
instances only a portion of the mammary gland had been excised 

3 Hicken, N F Mammoqraphy The Preoperative Visualization and 
Diagnosis of Breast Tumors bj'^ Means of Contrast Roentgenograms Nebraska M T 
22 211-214, 1937 
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Incontio\eitible eMdence as to the incomplete lemoval of the bieast was 
easil)" obtained b) stud} of the excised specimens which were routinely 
sent to the pathologic laboi atones This as done by cannuhzmg each of 
the ducts as it opened on the suiface of the nipple and injecting it with 
a solution of metln lene blue If the mammai y gland had been removed 
m Its entirety, the ductal s} stem remained intact , hence none of the dye 
could escape If, ho^\e^el, the lactiferous ducts had been severed oi 
if a portion of a lobule had been left m situ, the colored solution escaped, 
thus accurately indicating the aiea of incomplete removal 

Se^enteen bi easts vhich were supposed to have been completely 
excised by “mastectomy procedures” were examined m this mannei 
There w^as not a single instance m which the mammary tissue had been 
removed m its entirety In 94 per cent of cases the dye escaped m the 
subareolar zone, indicating that some of the breast had been left attached 
to the reflected skin flaps The axillary segment had been incompletely 
removed m 88 per cent ot cases, the sternal extension m 23 per cent and 
the epigastric ramifications mil per cent It was found that m 75 pei 
cent of the specimens theie were multiple areas of incomplete removal, 
and m 3 instances the d} e escaped from the entire periphery of the breast, 
indicating a most inadequate opeiation 

According to these studies, there were certain segments of the breast 
which the surgeon was pi one to remove incompletely, namely, the 
axillary extension, the subcutaneous zone, the sternal segment and the 
epigastric lamifications These are demonstiated m figure 3 

It w ould seem that it the breast is sufficiently diseased to necessitate 
amputation evei y pi ecaution should be exercised to see that all mammary 
tissue IS remo^ed Occasionally, residual mammary tissue undergoes 
pathologic transtorination, necessitating subsequent operations and even 
eventuating m adenocarcinoma The following cases aie representative 

REPORT or CASES 

Case 1 — Mrs F J , a housewife 46 years of age, the mother of three children, 
entered the hospital because of a "rapidly glowing lump m her right axilla” 
Fifteen years previously the right breast had been amputated because of painful 
“chronic cystic mastitis ” Examination demonstrated a hard tumor mass measuring 
1 inch (2 5 cm ) m diameter, situated m the anterior axillary fold (fig 4) It was 
firmly adherent to the underlying pectoral muscles but was not attached to the skin 
Beneath the pectoral muscles there were two indurated, nontender lymph glands 
A radical exenteration of the axilla with removal of the pectoial muscles was 
performed The tumor mass was found to consist of normal mammary tissue 
impregnated with adenocarcinoma which had spread to the regional lymph glands 

4 Hicken, N F , Best, R R , Hunt, H B, and Hams, T T The Roent- 
genological Visualization and Diagnosis of Breast Lesions by Means of Contrast 
Media, Am J Roentgenol 39 321-343, 1938 
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Case 2 — Miss A M, 54 years of age, sought adMce because of a “painful 
lump under her arm” Ten years previously the left breast had been removed 
because of “infected chronic cystic mastitis” Since that time she had alwais had 



Fig 3 — Composite schematic drawing repiesenting the ramifications ot the 
lactiferous ducts over the anterolateral chest wall Note the avillarN, subpectoral, 
midsternal and epigastric extensions These were all seen b\ mammographic 
studies 



Fig 4 — Patient in whom, fifteen years previoush, incomplete removal of the 
right breast had been done for "chronic cystic mastitis ” Adenocarcinoma de\ eloped 
111 the residual mammary tissue 


a sense of discomfort in the left axillary region During the past three months 
the tumor mass had rapidly increased in size and had become tender and painful 
Exploration demonstrated the neoplasm to be composed of mammari tissue which 
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contained sc\eial small distended cysts From the thick, tenacious cystic fluid pure 
cultures of streptococci weie obtained 

It IS obtious that in each of these cases the axillaiy segment of the 
bieast was ovei looked dtiiing the piimar)' mastectom)', and the residual 
tissue undeiwent pathologic change Complete mastectomies would cer- 
tainh have pietented these catastiophes 

TECHNIC 

As a 1 esult of these studies, it was learned that a complete mastectomy 
can be peitoimed it ceitain points aie observed The following plan has 
been effective 

The entire mamman gland and axilla are prepared as foi a radical 
amputation of the bieast The nipple is thoioughly cleansed of all incrus- 
tations, and inspissated plugs of debus are gently expressed fiom the 
oiifices of the lactiferous ducts Two of the patent estuaries in each 
quadrant of the nipple are cannuhzed and injected wnth a solution of 
metlnlene blue The d}e accurately outlines the ramifications of the 
mammary tissue It the ducts are inadvertently incised during the opera- 
tion, the escaping d},e affords an excellent visual warning that incision 
IS still within the confines of the mammary gland If the surgeon keeps 
be}ond the “blue zone a complete mastectomy is assured 

The practice of amputating the breast through a small incision 
accounts for the incompleteness of most mastectomies Such conserva- 
tism IS prompted b) a desire to give the patient a small, invisible scar 
The transverse cutaneous incision usually fails to give adequate exposure 
ot the axilla, and if the incision is carried far enough medially to expose 
the sternum and epigastric notch the scar is plainly visible when low- 
necked dresses aie wmrn These disadvantages have been overcome by 
the use of an oblique incision (fig 5) The outer margin of the incision 
begins 1 inch (2 5 cm ) below the flooi of the axilla and extends down- 
w'ard and medially tow'ard the epigastric notch 

Extreme caie is essential in reflecting the skin flaps, for adequate 
exposure is desirable Usually the course of the cutaneous vessels has 
been previously outlined by transillumination studies, so that they will 
not be injured and viability of the flaps will be assured The dissection! 
is earned along in the subcutaneous zone close to the skin, so as not 
to leave any mammary tissue The larger lactiferous ducts and their 
fine ramifications are clearly visualized by their methylene blue content , 
hence then integrity is preserved It is surprising to learn that the skin 
flaps must be piactically devoid of subcutaneous tissue if one desires to 
a-void the matrix of the breast 

It IS imperative that the skin flaps be reflected so as to expose the 
axilla, the sternum, the epigastric notch and the anterior bolder of the 
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latissimus dorsi muscle The wide denudation aftoids complete access 
to all segments of the breast, and one is surpiised to find its ramifications 
so extensive 

Beginning be3''ond the “blue zone,” at the midsteinal line, the breast 
is carefully reflected (fig SB) fiom the fascial covering of the pectoral 
muscles (On two occasions the “blue coloied milk ducts” have been 
seen to penetrate this pectoial fascia and entei the muscular substance ^ 



Fig S — Aj oblique mastectomy incision which gives adequate exposure without 
leaving scars that will show B, manner of dissecting the breast from the pectoral 
fascia Note the axillary and epigastric extensions of mammarv and adipose 
tissue C, compiessive rubber sponge dressings emplosed to keep the skin flaps m 
intimate contact with their nutritional bed 

In these cases the fascia and penetrating lacteals v ere excised ) Care 
should be exercised to remove all mammary tissues from the epigastric 
space and along the lateral wall of the chest As the mobilized breast is 

5 Wainwnght, J M Carcinoma of the Male Breast, Ann Surg 14 837-859, 

1927 
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pulled upwaid and outwaid its axillax)'' segment can be easily followed 
and removed Occasional!} some of the matrix v ill extend between the 
two pectoral muscles, m u Inch event it should be extirpated Invai lably 
the axillaiy segment extends nell into the axilla In some instances it 
has been necessary to dissect the dye-stained lactifeious ducts from the 
axillary vein, but as a lule they do not extend so fai If the axilla is 
not entered, one is almost ceitain to overlook mammaiy tissue Complete 
removal of the mammaiy gland leaves a large area of tiaumatized tissue 
which of necessity will pioduce seiuni If the seious effusions aie pei- 
mitted to accumulate, they sepaiate the skin flaps fiom their nutiitional 
bed and fai or sloughing Dependent counteidiainage overcomes such 
danger I have found that compressive i ubber sponge dressings not onh 
minimize postoperative hemoirhages and seious eftusions but hold the 
skin flaps in firm apposition to the wall of the chest, thus favoring rapid 
restoration of their nutiition These laige sponges covei the entire 
opeiative aiea and are held securely in place by adhesive stiapping 
(fig 5 C) If they aie applied too tightl} the piessure obliterates the 
cutaneous -vessels and fa-\ois neciosis of tbe skin, if too loosely, they 
permit sei um to collect Experience soon teaches the proper application 

During the first tMent}-foui hours the aim should be abducted to 
an angle of about 90 degiees This tends to stietch the pectoralis majoi 
muscle so that when the skin becomes adherent to it free and painless 
motion will result Seveial tunes during the day the arm may be placed 
against the wall of the chest and gentle passive exeicises given This 
minimizes muscular fatigue and assuies early restoiation of function 

SUMMARY 

Contrast mammographic studies of 385 bi easts indicate that the 
lactiferous ducts spread over the entire antei olateral vail of the chest 
In 95 per cent of the mammogi ams the ducts passed up into the axillary 
fossa, in 15 per cent the} weie seen to extend downwaid into the epi- 
gastric space, in 2 per cent they couised along the lateral wall of the 
chest beyond the limits of the anterior border of tbe latissimus dorsi 
muscle, and m 2 instances they passed acioss the midsteinal line to the 
opposite side In no instance was theie an anastomotic communication 
between the two breasts 

A simple mastectomy should aim to remove the entire mammary 
gland Unfortunately, this is seldom accomplished The lactifeious 
ducts of 17 breasts which had been removed by “routine mastectomy” 
were injected with a solution of methylene blue Wherever the breast 
tissue had been incompletely lemoved, the dye escaped from the severed 
ducts It was found that m 94 per cent of cases mammary tissue had 
been left attached to the reflected skin flaps m 88 per cent the axillaiy 
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appendage of the breast had been incompletely excised , m 23 per cent 
the sternal extensions had been sevei ed, and in 1 1 pei cent the epigastric 
ramifications had been left behind In 75 per cent of all the cases studied 
there were multiple aieas of incomplete removal 

A technic is desciibed vhich assuies complete removal of the mam- 
mary gland This includes pieoperative injections of methylene blue 
into the lactiferous ducts and operation with the incision kept well beyond 
the “blue zone ” 

Compressive sponge dressings minimize the hazards of postoperative 
hemorrhage and serous effusion and hold the skin flaps in intimate con- 
tact with then nutiitional bed 

Residual mammary tissue may undergo either normal involution or 
neoplastic change Cases aie reported in which adenocarcinoma and 
chi onic cystic mastitis developed m residual mammary tissue in patients 
who years previouslj'' had been subjected to “mastectomy ” 

508 Medical Arts Building 



INFECTION AS A CAUSE OF MASSIVE HEMOR- 
RHAGE IN CHRONIC PEPTIC ULCER 


REPORT OF FIVE CASES 
JAMES R LISA, MD 

AND 

DAVID S LIKELY, MD 

NEW YORK 

This communication is a repoit of 5 cases of death from hemorrhage 
due to infection m chronic gastric and duodenal ulceis They were 
among the last 7 cases of exsanguinating hemorrhage from ulcei observed 
in the past seven and one-half years at the New York City Hospital, 
Welfaie Island In each of the 5 cases the criteria of chronicity were 
ansv ered — distortion of the architectural pattern of the wall, fibrosis of 
the base of the ulcei and some degree of chronic inflammatory cellular 
leaction In all cases bacteria were demonstrated in the sections at the 
point of hemorrhage Clinical evidence m some of the cases proved the 
presence of septicemia 

REPORT or CASES 

C^SE 1 — A white man 71 vears old was admitted to the surgical division of 
the Citv Hospital, service of Dr A S Morrow, on May 29, 1932, m profound 
shock He gave a history of vomiting a large amount of blood the previous 
e\ening and of a tarry stool The only other significant symptom was epigastric 
pain, which had been present for the past four years There had never been a 
prcMOus hemorrhage 

He appeared almost exsanguinated He complained of thirst The blood pies- 
sure was low and the temperature subnormal Tachycardia was observed The 
value for hemoglobin was 35 per cent With sedatives and a transfusion he 
improved slightly , then hemorrhage recurred, and death ensued twelve hours after 
admission 

Neaopsy — On the posterior wall of the first portion of the duodenum was a 
chronic ulcer measuring 5 cm in diameter In the center was an eroded vessel 
The small and large intestines were filled with partially clotted blood 

Histologtc Evanmaiion — ^The ulcer was chronic, the base was replaced by 
dense scar tissue covered by a thin necrotic membrane The artery was thick and 
sclerotic , its wall was involved by necrosis The lumen of the artery throughout 
its extent contained gram-negative bacilli and gram-positive cocci (fig 1) 

From the Pathologic Laboratory and the First Medical Division of the City 
Hospital 
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Pathologic Diagnoses — The pathologic diagnoses ^\ere chronic duodcml ulcer 
with erosion of the artery from infection and exsanguinating hemorrhage 

Case 2 — A white man 47 jears of age was admitted to the second medical 
division of the City Hospital, service of Dr John McCabe, on Dec 31, 1934 
For four days he had complained of nausea, -vomiting and pains in the chest, 
abdomen and back These svmptoms had occurred during a drinking bout Thev 



Fig 1 (case 1) — A, low power photomicrogi aph ot the ulcer, showing the 
course of the artery and the point of rupture B, bacilli and cocci found throughout 
the course of the artery (Gram’s stain) 

had been accompanied with nausea and vomiting and follow-ed bi chills, fe\er and 
pain The patient was chronicallj alcoholic The other data were irrele\ant 

He was acutely ill The temperature was 102 F, the pulse rate 130 and the 
respiratory rate 28 There were signs of pneumonic consolidation of the left 
lung The sputum was bloodj The Iner was large and tender Culture of the 
blood revealed Friedlander’s bacillus 
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The course remained topically pneumonic until the fifth daj, when the patient 
suddenl> raised about 12 ounces (360 cc ) of fresh blood He became very appre- 
hensne, and the pulse became almost imperceptible Death followed in two and 
one-half hours 

Ncciopsv — ^The stomach contained about 1 liter of partially clotted blood 
There were seven chronic ulcers The largest was on the posterior wall, just 
below the esophageal orifice It measured 3 by S cm and had a large eroded arterv 
in the base Two smaller ulcers involved the posterior wall, close to the lesser 



Fig 2 (case 2) — A, acute infectious aneurysm of the artery in the base of the 
ulcer B, bacilli in the region marked in the first photomicrograph (Gram’s stain) 


curvature Four smaller ulcers were prepyloric The small intestines and the 
^"^um were filled with fresh blood The contents of the large intestine were 


V 

Ustologic Examination — The histologic appearance of the largest ulcer only 
Scribed The large artery showed an acute necrotic lesion containing many 
lear cells and destroying the entire thickness of the wall Within this 
zone were numerous gram-negative encapsulated bacilli morphologicallv 
o Friedlander’s bacillus (fig 2) 
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Pathologic Diagnoses — The pathologic diagnoses were pneumonia due to 
Fnedlander’s bacillus, with septicemia and acute pericarditis, multiple chronic 
gastric ulcers, acute infectious aneurysm of a branch of the gastric artery m the 
chronic ulcer, with rupture and exsanguinating hemorrhage, chronic gastritis, 
sjphilis of the aorta, and chronic prostatitis 

Case 3 — A white man 53 years old was admitted to the second medical division 
of the City Hospital, service of Dr B F Donaldson, on Feb 17, 1938, because 
of weakness, anorexia, loss of weight and diarrhea, all of three weeks’ duration 
In the past half year he had lost 25 pounds (113 Kg ) in weight 

He was emaciated and very anemic Phjsical examination shoived little 
abnormality The apex of the left lung revealed wheezing expiration The 
blood pressure was 72 systolic and 50 diastolic The abdomen was somewhat 
spastic, and palpation was unsatisfactory The temperature was 100 6 F , the 
pulse rate 80 and the respiratory rate 24 The value for hemoglobin was 40 per 
cent There were 2,500,000 erythrocj'tes per cubic millimeter of blood The urine 
was normal Electrocardiographic tracings were normal Chemical study of the 
blood revealed no abnormality The Wassermann reaction was negative A 
roentgenogram of the chest was normal The stool consistenth gave a positive 
reaction for blood 

For one month the patient had a fever of unknown origin, with daily fluctua- 
tions of temperature between 99 and 102 F The anemia and weakness increased 
in spite of all measures One month after admission he had a severe chill and 
the temperature rose to 105 F Culture of the blood revealed hemolytic strepto- 
cocci Under administration of prontosil (the disodium salt of 4-sulfamidophen>l- 
2'-azo-7'acetylamino-l'-hydroxynaphthalene-3',6'-disulfonic acid) the temperature 
gradually fell, but the general condition appeared worse Repeated cultures of the 
blood showed decreasing numbers of organisms but ne\ er became sterile Pallor and 
weakness continued to increase, and death occurred on April 15 

Neci opsy — The stomach contained massive blood clots On the lesser curvature, 
8 cm from the pylorus, was a chronic ulcer 3 cm in diameter with a nest of petechial 
hemorrhages near the proximal edge The right psoas muscle was replaced by 
a tuberculous abscess cavity containing greenish pus from which a hemobtic 
streptococcus was isolated on culture 

Histologic Examination — Buried in the granulation tissue of the ulcer in the 
region of the petechial hemorrhages were masses of gram-positive streptococci, 
filling many of the capillaries The surface of this region was covered by fibrin 
containing a few organisms (fig 3) 

Pathologic Diagnoses — The pathologic diagnoses were chronic gastric ulcer 
with acute streptococcic infection and massive hemorrhage and chronic tuberculous 
abscess of the psoas muscle with hemolytic streptococcus infection 

Case 4 — A white man 76 years of age was admitted to the second medical 
division of the City Hospital, service of Dr J H Cudmore, on March 26, 1939, 
because of black vomitus, loss of weight, tarry stools and edema of the ankles, 
present for five years He was pale and undernourished On examination there 
were pitting edema of the ankles, tachycardia, a normal temperature and normal 
respirations Examination otherwise gave essentially negative results Early 
the next morning he vomited a large amount of fluid and clotted blood Two and 
one-half hours later there was a second attack, and he died within thirty minutes 
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Faihologtc Diagnoses — The pathologic diagnoses were chronic pyloric ulcer 
with carcinomatous degeneration , acute infectious inflammation w'lth erosion of 
the artery, and exsanguinating hemorrhage m the nonmahgnant portion of the 
ulcer 



Fig 4 (case 4) — A, acute infectious aneurj sm of the arterj m the base of 
m ulcer B, organisms seen m the region outlined m A (Gram’s stain) 


Case 5 — A w’hite man apparently beyond the stated age of 56 was brought 
to the City Hospital after he had collapsed m the street He w'as admitted to the 
surgical division, service of Dr Frederick Bancroft, on March 24, 1939 Three 
months prei lously a right inguinal hernia had developed For ten days the patient 
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liad not eaten well because of loss of appetite, for seven days there had been no 
bowel mo\ements, and for three days the hernia had been irreducible and painful 
and there had been vomiting Operation w'as performed, and healing was normal 
For a few days the temperature was slightlv raised, and the patient became 
irrational and ps 3 'chotic Later he had sacral bed sores and appeared seriously 
ill, but no definite signs could be elicited to account for his general condition On 
\pril 13, nineteen da^s after the operation, he vomited a large amount of blood and 
died suddenh 



Fig 5 (case 5) — A, low power photomicrograph of the large open point of 
rupture B, organisms observed in the masses of fibrin within the lumen of the 
vessel (Gram’s stain) 

Ncciopsy — The operative w'ound w'as healed Clotted blood w'as present in the 
stomach and intestines In the first portion of the duodenum, on the posterior 
wall, was a chronic ulcer measuring 3 b\ 2 by 2 cm , the base formed by the head 
of the pancreas The surface w'as covered by an adherent blood clot which on 
remo\al revealed an eroded pancreaticoduodenal arter\ 

Histologic Evammation — The tip of the eroded arter\ at the surface of the 
ulcer W'as imolved m an acute necrotic process Within the lumen of the vessel 
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and fairly deep m the course were masses of fibrin and numerous gram-positne 
organisms in clumps and chains (fig 5) 

Pathologic Diagnoses — The pathologic diagnoses were chronic duodenal uleer, 
acute infectious arterial aneurysm of the ulcer with rupture and exsanguinating 
hemorrhage, decubital ulcers of the sacrum, and hydronephrosis on the left with 
stones 

COMMENT 

Massive hemonhage from chronic ulcer of the stomach or of the 
duodenum is one of the most serious accidents which can occur In 
many instances its etiology is obscure Crohn and Shwartzman ^ con- 
cluded that It IS due to a local Shwartzman phenomenon from infections 
of other regions and paiticularly from acute diseases of the uppei 
lespiiatoiy tract They stated that in their opinion infection does not 
occui in the ulcer itself The demonstration of bacteria has been repoi ted 
occasionally in cases of acute ulcei in which death followed massive 
hemorrhage Hartung and Waikaii}'- reported the case of a 6 year old 
boy who died of hemorrhage from a duodenal ulcer during the couise of 
meningococcic meningitis Among other organisms seen in the base of 
the ulcei were gram-negative diplococci morphologically resembling 
Neisseria In the series of causes of acute ulcer in children reported by 
Gerdine and Helmholtz ® there were several cases of hemorrhage in 
which bacteiia were demonstrable Sanford, Hughes and Weems'* 
reported an acute ulcer with hemoirhage and pneumococci in a case of 
pneumonia 

The seasonal incidence of recurrence of symptoms and of hemoi- 
ihages in ulcei is a well recognized phenomenon Crohn and Shvartz- 
man leported that an unusual numbei of patients having ulcers wnth 
hemorrhage were admitted to the Mount Sinai Hospital, New York, in 
Februaiy and March 1937, during a period of severe grippal infections 
They stated that the same experience was encountered at Queens Genei al 
Hospital, New York, at the same time In the present series, 4 of the 
cases were observed in the winter months (December, February and 
March) and 1 in the spring (May) 

The bacterial causative factor A'aried in the different cases, although 
the streptococcus was the most frequent organism Fiom antemortem 

1 Crohn, B B , and Shwartzman, G Ulcer Recurrences Attributed to 
Upper Respiratory Tract Infection A Possible Illustration of the Shwartzman 
Phenomenon, Am J Digest Dis & Nutrition 4 70S, 1938 

2 Hartung, C A , and Warkany, J Duodenal Ulcer as a Cause of Death 
in Meningococcal Meningitis, JAMA 110 1101 (April 2) 1938 

3 Gerdine, L , and Helmholtz, H F Duodenal Ulcer in Infancy An 
Infectious Disease, Am J Dis Child 10 397 (Dec ) 1915 

4 Sanford, C H , Hughes, J D , and 'Weems, J Pneumonia Complicated b\ 
Acute Pneumococcic Hemorrhagic Ulcerative Gastroenteritis (Dieulafoj ’s 
Erosion) Report of Two Cases, Arch Int Med 62 597 (Oct) 1938 



LISA-LIKELY—CHRONIC PEPTIC ULCER 


23 


cultuies of the blood, Fiiedlander’s bacillus and hemolytic streptococci 
uere isolated, and organisms of corresponding morphologic character 
nere demonstrated at the point of hemorrhage The other organisms 
obseived could be judged only on the morphologic appearance One 
n as a definite chain coccus , another was of the streptococcus-pneumo- 
coccus group, and the third resembled a staphylococcus 

In most of the cases in oui series the source of the infection was 
difficult to determine precisely Onl}' in case 2 was it clearly evident 
that the pneumonic process ivas the basis The abscess with hemolytic 
streptococci found in the psoas muscle in case 3 seemed an unlikely 
source It is more probable that septicemia from some othei focus 
localized m two areas of previous damage, the abscess and the ulcei In 
case 5 the decubital ulcer was the probable focus , the diseased kidney 
was a possible one, but its condition rvas “end stage” rather than active 
In the other 2 cases the sources were entirely obscuie 

The findings in this series offer a striking parallel to the production 
of acute ulcers by bacteria Gerdine and Helmholtz ® stressed the 
bacterial origin of ulcer, particularly m children Harkins ® show^ed that 
infected burns are prone to ulcerate and cited several observers \vho 
related sepsis and ulcer We can draw no conclusion from our senes 
m regard to the etiology of ulcer, but it seems reasonable to believe that 
in the presence of a transient bacteremia a chronic ulcei offers a favor- 
able site for the localization of organisms and the production of an 
infectious process leading to rupture of vessels with resulting severe 
hemorrhage They also suggest another avenue of preventive theiapy 
in cases of recurrent hemori hage, i e , the search for and eradication of 
foci of chronic infection 

SUMMARY AND CONCLUSIONS 

Five cases of chronic gastric and duodenal ulcei with death from 
exsanguinating hemorrhage are reported A bacterial cause for the 
hemorrhage was demonstrated in each case Cultures of blood iU 2 
cases yielded bacteria The source of infection in 1 instance was the 
lung, in the others it was obscure The suggestion is advanced that 
eradication of foci of chronic infection may be a preventive measuie 
of value m cases of recurrent hemorrhage in chronic ulcer 

5 Harkins, H N Acute Ulcer of Duodenum (Curling’s Ulcer) as Complica- 
tion of Burns Relation to Sepsis, Report of Case with Study of One Hundred 
and Seven Cases Collected from the Literature, Ninety-Four with Necropsj, 
Thirteen with Recovery, Experimental Studies, Surgery 3 608, 1938 
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Postopeiative complications of many tjpes ha\e long commanded 
the respectful attention of surgeons Among the most serious, and the 
least well undei stood, are those which affect the central nervous s}stem 
Motor paralyses occurring m persons of the older age groups aftei 
operations have long been considered a coincidental accident having 
no direct connection with the operation Such complications in younger 
persons have usually been looked on as the result of embolism fiom 
the operative site Sudden death during or immediately after operation 
has been ascribed to cerebral embolism or to individual idiosMiciasy 
to the anesthetic Prolonged coma, convulsions or psychic disturbances 
occurring during or shortly aftei operation ha\e been commonly con- 
sidered the lesult of the toxic effects of the anesthetic oi of the “toxemia” 
arising from the condition requiring operation 

In this papei we wish to show that the cerebral complications of 
various types encountered aftei surgical operation may be the result ot 
cerebral anoxia lesultmg from acute general cii dilatory collapse pre- 
cipitated by the administration of an anesthetic, plus the trauma ot 
operation, in persons whose margin of cn dilatory reserve has been 
reduced by a masked chronic circulatory insufficiency 

Our iiwestigations indicate that so-called postoperative cerebral 
embolism is extremely uncommon Cerebral complications aie encount- 
ered, however, even m the best regulated clinics,^ and we are able to 
show that in a large city hospital they' are not lare One of us (H E R ) 
has had the opportunity to examine the brain and viscera in 21 cases in 
which the patients died after operation at the Philadelphia General Hos- 
pital In each case symptoms leferable to the cerebrum complicated the 
postoperative course 

From the Department of Thoracic Surgery and the Laboratory of Neuro- 
pathology, Philadelphia General Hospital 

Read before the Section on Surgery, General and Abdominal, at the Ninetieth 
Annual Session of the American Medical Association St Louis, May 17, 1939 

1 Woltman, H W Postoperative Neurologic Complications, in Collected 
Papers of the Mayo Clinic and the Mayo Foundation, Philadelphia, W B Saunders 
Company, 1937, vol 29, pp 712-722 
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TYPE OF MATERIAL 

The 21 cases comprising material for this study came from the 
several surgical services of a large city hospital Preoperatively only 
6 patients (28 per cent) could be considered poor surgical or anesthetic 
risks There were 4 midthigh amputations for gangrene, a splenectomy 
for hemolytic anemia and an exploiatoiy laparotomy for intestinal 
obstruction 

The average age of the 21 patients was 38 years, and only 4 patients 
(19 per cent) were over 50 years of age (fig 1) 

The operations included celiotomy (12 cases) opeiations on the 
femur (5 cases), obstetric anesthesia (2 cases), dilatation and evacuation 
of the uterus (1 case) and incision of a pai onychia (1 case) 


Ko« Cases 
8 
7 


Age Years 

Fig 1 — Age incidence of postoperative cerebral complications (21 cases) 

The anesthetics used were as follows ether, 12 cases , cyclopropane, 
4 cases , nitrogen monoxide, 3 cases, and procaine hydrochloi ide, foi 
spinal anesthesia, 2 cases 

SYMPTOMS 

The very diversity of symptoms heretofoie noted by other obseivers 
IS a strong argument against the theory of cerebral vascular accident 
In our senes of 21 cases the symptoms were usually those suggesting 
diffuse involvement of the entire brain, and as a rule, at some period 
more than one symptom was present in each case 

The following symptoms of cerebral dysfunction veie noted in our 


series 

Death during operation 3 cases 

Psychic disturbances 3 cases 

Prolonged coma (twehe to twentv-foiii hours) 5 cases 

Generalized convulsions 5 cases 

Focal cerebral symptoms (paralyses) 5 cases 
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Four patients with focal cerebral s 3 miptoms were under 33 years of 
age The fifth, aged 61, had shown transient weakness of the right side 
of the body for nine days prior to operation, complete paralysis develop- 
ing within twenty-four hours after operation 

Convulsions and prolonged coma may be observed while the patient 
IS in the operating room Ps 3 ’’chotic manifestations may become apparent 
within a few hours after consciousness returns or may be noticed aftei 
several da 3 's In 2 cases (not included in this series) we have obser\ed 
psychoses which developed within forty-eight hours of operation to 
disappear completely, only to be followed by hemiplegia on the fifth 
postoperative day in 1 case and on the se\enth in another Both the 
patients died Fourteen (76 per cent) of the patients m our senes 
surviving longer than twelve hours died with hyperp 3 Texia unexplainable 
on an infectious basis 


ETIOnOGY AND PATHOLOGY 

Ornsteen- has briefly reviewed the controvers 3 '^ over the origin of 
postoperative focal cerebral symptoms which occurred during the latter 
half of the last century His report shows that neurologists and 
pathologists had to devise various ingenious routes to carry thrombi 
from the major venous circulation to the cerebral arterial system \A^hile 
It IS probable that m a few postoperative cerebial accidents the cause 
may be found to be embolism, thrombosis affecting the end arteries or 
cerebral hemorrhage, evidence is accumulating which indicates that 
another factor is more often involved 

Recently, Courville ^ has made the important suggestion that anoxia 
may account for the clinical and pathologic picture in cases of post- 
operative cerebral involvement Since m all his cases ^ nitrogen monoxide 
was the anesthetic, he felt that there was a direct relation between the 
asphyxia associated with this anesthetic and the cerebral anoxemia He 
concluded that the anoxemia must result from a sudden circulatory or 
respiratory failure during the anesthetic period or must be due to the 
effects of oxj^gen want incident to prolonged nitrogen monoxide 
anesthesia 

2 Ornsteen, A M Hemiplegia Following Childbirth and Pelvic Operations, 
Arch Neurol & Psychiat 5 353 (March) 1921 

3 Courville, C B Asphyxia Following Nitrous Oxide Anesthesia, Medicine 
15 1129 (May) 1936, Pathogenesis of Necrosis of Cerebral Gray Matter Following 
Nitrous Oxide Anesthesia, Ann Surg 107 371 (March) 1938 

4 Stewart, J D , and Rourke, G M Changes in Blood and Interstitial Fluid 
Resulting from Surgical Operation and Ether Anesthesia, J Clin Investigation 17 
413 (July) 1938 



BEHREND-RIGGS—POSl OPERATIVE COMPLICATIOK S 


27 


Gross inspection of the biain in our senes lent no support to the 
theory of infarction as a result of embolism Histologically® we weie » 
able to confirm Courville’s theoiy of widespread cellular degeneration 
throughout the brain, regardless of the type of clinical manifestation of 
ceiebral involvement In eveiy case there was geneiahzed capillaiy 
damage with widespiead parenchymatous degeneration due to pericellular 
and interstitial edema Although the edema due to capillaiy damage was 
univeisal, the cellulai degeneration was most marked in the association 
aieas of the cortex, the sympathetic ganglions in the gray matter aiound 
the third and fourth ventricles and lenticular nucleus, the dentate and 


StJRGlCAL CONBITION DIMINISHED CAEDIO-CIRCULATORY OPERATION 



CARDIO-CIRCOLATORY 

INSUFFICIENCY 


ANOXIA 


V 

CEREBRAL DAMAGE 



DEATH 


Fig 2 — Pathogenesis and mechanism of postoperative cerebral complications 


Purkinje cells of the ceiebellum and the region of the infeiioi olive in 
the medulla Since these are the areas that Chornyak ® has found most 

5 The stain used on all sections is a tnchrome stain developed by Miss 
Edna Beyer, technical assistant in neuropathology, laboratory of neuropathology, 
Philadelphia General Hospital All forms of connective tissue and collagen stain 
blue, parenchymatous tissue and muscles stain red In degenerative conditions 
muscles and parenchymatous cells are increasingly basophilic By means of this 
stain it IS possible to differentiate acute degenerative changes from those which 
are more chronic 

6 Chornyak, J Structural Changes Produced m the Human Brain by Oxygen 
Deprivation (Anoxemia) and Their Pathogenesis, Ann Arbor, klich , Eduards 
Brothers, Inc , 1938 



28 


ARCHIVES OF SURGERY 


severely affected in animals subjected to atmospheres deficient in oxj^gen, 
this would further suggest that Courville’s theory of asphj^xia as a 
factor in the production of cerebral symptoms after anesthesia might 
be extended to include not only nitrogen monoxide anesthesia but all 
forms of anesthesia 

Patients who survived less than fort)' -eight hours' showed no 
evidence of reaction indicating attempted repair In 8 of the 10 patients 



Fig 3 — Section of the cerebral cortex (X 57, toluidine blue stain) The patient 
died within twelve hours after the operation There were widespread degenerative 
changes in the ganglion cells There was local loss of cells in lajers 3 and 4 
(Brodmann) Note the patent cortical arteriole 

who survived from two to nine days there were focal areas of ghal 
and phagocytic activity, suggesting beginning repair and scar formation 
Only 2 patients had a history of sudden temporary cardiac or 
respiratory failure during opeiation In none of our cases was the 
period of anesthesia unusually long Operation was performed on 3 

7 McAllister, F F The Effect of Ether Anesthesia on the Volume of Plasma 
and Extracellular Fluid, Am J Physiol 124 391 (Nov ) 1938 




Fig 4 — Section of the cerebral cortex (x57, toluidine blue stain) Delayed 
death occurred after a surgical operation There was a focal area of loss of ganglion 
cells, with proliferation of astrocytes and microglia (necrobiosis) The remaining 
ganglion cells showed severe ischemic degeneration Note the patent vessels with 
progressne alteration in their nails 



Fig 5 — Section of the cerebral cortex (x57, toluidine blue stain) Dela^ed 
death occurred after a surgical operation There was total loss of ganglion cells, 
with proliferation of astrocjtes and microglia Note the patent blood \essels 
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patients under light, brief nitiogen monoxide anesthesia, and in 2 cases 
inhalation anesthesia was not used, spinal anesthesia being substituted 
In othei words, it was observed that cerebial sjmptoins might lollou 
the use of any type of anesthetic agent and were not i elated to the 
duration of anesthesia or to accidents occurnng during the period ot 
anesthesia This suggested that we were dealing wnth some factor con- 
tributing to cerebral anoxia which w'as unrelated to the stiigical status 
or to the anesthetic itself 



Fig 6— Section of the cerebral cortex (x57, toluidine blue stain) Delared 
ea occurre after a surgical operation Note the local area of encepbalomalacia 
Masses of phagocytic cells surrounded the patent artery 

In view of the fact that edema and congestion not only of the brain 
but of the viscera were observed at autopsy, it would seem that the 
cerebral degeneration is more reasonably attributable to the combined 
ettect of anesthesia and operation on general circulatory efficiency with 
secon ary re ection in the brain than to a direct selective anoxia ot 
e ram ce s a one The predominance of cerebral symptoms might 
e explained clinically by the fact that evidence of cerebral dysfunction 
IS requent y so dramatic as to obscure the accompanying signs of dis- 




Fig 7 — Section of the medulla in the region of the inferior olive ( X 69 , tri- 
chrome stain) Death occurred during tonsillectomy The patient was a child aged 
9 years Note the thickening and hyalinization of the walls of the blood vessel, 
which, with the perivascular degeneration, suggests cerebral circulatory insufficiency 
antedating the period of anesthesia 



Fig 8 — Section of the heart muscle (X 69, tnchrome stain) Death occurred 
during an operation performed with the patient under obstetric anesthesia The age 
of the patient was 27 There were intense dilatation and stasis in the venous 
radicles Edema of the tissue was present There was increase of interstitial 
connective tissue, suggesting preexisting circulator 3 stasis 
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Fig 9 — Section of the liver (X 69, tnchromc stain) Death occurred during an 
operation performed with the patient under obstetric anesthesia The age of the 
patient was 21 There was acute stasis indicated bv liepatic sinusoids packed with 
red cells Note the increase of connective tissue around the bile duct, indicating 
preexisting circulatory insufficiency 



Fig 10 — Section of the lung (x69, tnchrome stain) Death occurred 
during an operation performed with the use of spinal anesthesia The age of the 
patient was 33 There was pulmonary edema as evidence of acute stasis Per*' 
vascular fibrosis was present, suggesting preexisting circulatory insufficiency 
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orders of visceial function Physiologicall}- , the effect of general 
cii culator}'^ insufficiency is most evident in the hi am because of the effect 
of the closed box of the skull on the iiici eased volume of the brain (due 
to circulatory stasis) and because of the high metabolic late and ox)rgen 
lequirements of cerebral tissue 

ROLE OF THE ANESTHETIC 

While we have been able to demonstiate that death following anes- 
thesia IS the result of a geneialized circulatory insufficiency in which 
cerebral symptoms dominate the clinical picture, it has not been estab- 
lished whether the anesthetic is the causative agent oi merely the pre- 
cipitating factor Regal dless of the anesthetic agent employed, the 
cerebral lesions in our 21 cases were essentially the same, although 
the intensity of the process varied even with the same anesthetic 

Experimentally, recent studies give a basis for the hypothesis that 
anesthesia alone may produce alteiations in general circulatory efficiency 
Harrison ® has adequately demonstrated that a fall m blood pressure 
frequently occurs during spinal anesthesia 

Using ether as the anesthetic, Boyce and McFetridge ° have shown 
a marked decrease in hepatic function, and Snyder,^® using the same 
agent, has shown that there are a 41 per cent di op in cardiac output and 
a decline in blood pressure Stewart and Rourke ^ have reported a 1 5 
per cent loss in circulating blood volume, while Bollman, Svirbely and 
Mann have noted hemoconcenti ation to occur coincidentally with ether 
anesthesia in experimental animals In addition, McAllister ’’ has 
reported an 11 per cent decrease in plasma volume 

It has been considered that such alterations m circulatory efficiency 
are transient Moon stated that in the experimental animal complete 
anesthesia per se is rarely sufficient to produce failure of the circulation 
However, he cited war experience to show that anesthesia may precipitate 
circulatory failure (shock) under conditions in which circulation is 
already impaired 

8 Harrison, T R Failure of the Circulation, Baltimore, Williams & Wilkins 
Company, 1935 

9 Boyce, F F, and AIcFetndge, E M Studies of Hepatic Function by the 
Quick Hippuric Acid Test, Arch Surg 37 401 (Sept ) 1938 

10 Snyder, J C The Cardiac Output and O^jgen Consumption of Nine 
Surgical Patients Before and After Operation, J Clin Iniestigation 17 571 (Sept ) 
1938 

11 Bollman, J L , Svirbely, J L, and Mann, F C Blood Concentration 
Influenced by Ether and Amytal Anesthesia, Surgery 4 881 (Dec ) 1938 

12 Moon, V H Shock Its Mechanism and Pathologj, Arch Path 24 642 
(Nov ) , 794 (Dec ) 1937 
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This IS in line with Ravdiii and Johnston’s suggestion that the 
cumulative effects of oxygen deficit from impaired blood flow prior to 
anesthesia may be a factoi in the production of a breakdown of normal 
function after suigical opeiation The biain \\as first investigated to 
rule out the possibility of a ciiculatoiy factoi operating locallj In 
this examination we studied only patients ■who were too young for the 
degenerative changes of middle life and who died within tw^enty-four 
hours after operation In these cases, of which there w'ere 9, w'e were 
able to demonstrate that there had been chronic circulatory insufficiency 
in the brain prior to induction of the surgical piocedure This was 
concluded on the basis of inci eased connective tissue around the blood 
vessels and in the subarachnoid space, on the presence of severe degen- 
erative changes m the m)'ehn sheath and particularly on the basis of 
perivascular demyehnation We were unable to show any local factor, 
such as occlusive atheromatous changes in the blood v'essels, which might 
be responsible for local ciiculator}^ insufficiency 

From the clinical studies there is no suggestion that cardiovascular 
decompensation was present in an}' case Nevertheless, studies of the 
viscera in the subgioup of young patients showed evidence of a similar 
process of circulatoiy insufficiency in all the visceia These changes 
were in the nature of a parenchymatous change in the cells and an 
increase in connective tissue In our entire series, although there had 
been no evidence of decompensation, w’e w'ere able to show' structural 
changes in the cardiovascular system which pointed to the fact that the 
patients had a reduced margin of circulatoiy efficiency 

ROLE or LATENT CARDIOCIRCULATOKV INSUmCIENCi 

This suggests that thei e are many cases m wdiich there exists a latent 
cardiocirculatory insufficiency w'hich under ordinary circumstances gives 
no clinical evidence of its presence We aie not concerned here w'lth 
the possible and unavoidable “anesthetic death” w'hich follow's acute 
circulatory disturbances of the shock pictuie incident to severe trauma, 
abdominal catastrophes or peritonitis We aie conceined with the type 
of case in which theie is a latent circulator} insufficiency which with 
the added stress of anesthesia and an acute condition requiring surgical 
intervention precipitates ceiebral changes Such changes are the more 
tragic because they are unexpected Prioi to operation the patient 
mentions no history or symptoms of cardiovascular disease, and when 
collapse is precipitated by the anesthetic, its circulatoiy oiigin is masked 
fiy the dominance of the cerebral symptoms Such accidents can 
probably occur in the presence of a normal cardiocirculatory system, 
but m every case in our senes we were able to establish a masked oi 

13 Ravdin, I S , and Johnston, C G Nitrous 0\ide Oxygen Anesthesia an*l 
Anoxia, Am J M Sc 194 279 (Aug ) 1937 
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latent chronic ciiculatoiy insufficienc}' as the basis for death The under- 
lying causes of reduced circulatory efficiency were varied In 6 patients 
cardiac hypertrophy was present (average age, 41 years), and in 6 chronic 
myocardial degeneration was obseived (aveiage age, 30 years) Other 
factors were severe secondary anemia, rheumatic valvulitis (3 cases) 
and old cardiac infarct (2 cases) 

SUMMARY 

Twenty-one cases ot postopeiative cerebial complications have been 
studied, special attention being given to the condition for which the 
operation was pei formed, the operative risk, the age of the patient and 
the type of anesthetic used The postopeiative cerebral symptoms are 
enumerated The etiology and pathology of cerebial complications are 
discussed, as are the parts played by the anesthetic and by the cardio- 
circulator}^ system 

The limitations of space lender impossible at this time the discussion 
of the predisposing causes of postoperative ceiebral accidents, then 
prevention and their tieatment These will be considered in future 
articles, as will the lesults of experimental animal investigations 

A brief abstract of each case is appended 

CONCLUSIONS 

1 Cerebral complications following surgical operation are not rare 

2 Such complications aie seldom the result of embolism or hemor- 
rhage 

3 The cerebial lesion is usually diffuse, involving the entire brain 

4 Examination of the brain and other viscera reveals that cardio- 
circulatory efficiency usually has been impaired long before the operation 
IS performed This impairment is manifested chiefly by parenchymatous 
edema and congestion and by perivascular fibrosis The presence of 
diminished circulatory efficiency is usually unsuspected 

5 Any anesthetic agent may conffibute to the production of post- 
operative cerebral complications 

6 Cerebral complications (psychoses, coma, commlsions, paralysis) 
after surgical operation are frequently the sequels of relative cerebral 
anoxia produced by an alteration m blood piessuie occurring as a result 
of the effect of surgical operation and of the anesthetic on a patient with 
impaired cardiocirculatory efficiency 

REVIEW OF C\SES 

Brief abstracts of the histones of the cases comprising this series 
are presented In e\ erv case the brain showed y idespread degenerative 
changes dependent on the effects of acute anoxia There was also 
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evidence of a chronic circulatoiy insufficiency as manifested by pen- 
vascular demyelination and perivascular fibrosis Factois we consider 
as predisposing to latent cardiocirculatory insufficiency are enumerated 
under the postmortem observations in each case 

Case 1 — J G, aged 9, was admitted to the service of Dr E L Ehason On 
admission there was extreme tenderness in the right lower quadrant of the 
abdomen Operation was done March 2, 1936, v\ith nitrogen monoxide, oxjgcn 
and ether anesthesia There was no evidence of peritonitis, but the appendix v\as 
bound down under the liver as a result of nonrotation of the cecum Appendi- 
costomy was performed On March 3 the patient was restless and irrational 
Death occurred the same dnj, the temperature being 108 E fifteen hours after 
operation 

PosimoUem Studv — Cultures of blood from the heart and material from the 
peritoneal cavity were sterile The kidnevs showed bilateral hi dronephrosis The 
liver showed fatty infiltration There was livpoplasia of the circle of Wilhs 

Case 2 — Miss R H, a Negress aged 20, was admitted to the hospital from 
the service of Dr John McGliiin She was a pnmipara and had been followed 
in the “prenatal clinic” for five months before her admission Feb 19, 1936, in 
labor The blood pressure was 115 systolic and 70 diastolic Low application of 
a Simpson forceps was done with the patient under nitrogen monoxide and oxvgeii 
anesthesia There was moderate bleeding The placenta was imnually removed 
The uterus was packed The patient w'ent into circulatory collapse shortly there- 
after and did not recov'er 

Postmortem Study — The postmortem diagnosis was sickle cell anemia 

Case 3 — Miss A G, white, aged 25, wms transferred to the service of Dr 
E L Ehason She was admitted to the hospital Feb 11, 1938, because of jaundice 
The blood pressure was 118 svstohc and 40 diastolic The ervthrocvte count was 
1,200,000 and the leukocyte count, 4,200 per cubic millimeter of blood The volume 
index was 1 1 The Kahn reaction was 4 plus The medical diagnosis was 
hemolytic anemia On March 26 splenectomy was performed because of spleno- 
megaly Cyclopropane anesthesia was emploved Left hemiplegia was noted on 
March 30, and the patient died April 4 with a temperature of 104 F 

Postmoitem Study — The brain showed an anomalous circle of M'lllis There 
was severe hemolytic anemia 

Case 4 — Mrs M K , a Negress aged 27, in the servuce of Dr Frank Hammond 
was admitted to the hospital Oct 22, 1934 The past history was irrelevant 
Physical examination revealed no abnormality The blood pressure was 100 
systolic and 65 diastolic The Kahn reaction was negative On October 24 a 
perineorrhaphy and a bilateral salpingectomy were performed with the patient under 
nitrogen monoxide, oxygen and ether anesthesia On October 24 clinical evidence 
of shock (coma) was noted On October 30 there weie confusion and convulsions 
After this the patient was confused and incontinent until death, which occurred on 
November 2 with a temperature of 103 F 

Posimoi tern Study — The heart showed chronic rheumatic valvulitis The liver 
showed fatty degeneration 

Case 5 ^Mr A D , white, aged 27, was transferred to the service of Dr Harvey 
Righter He was admitted June 22, 1934, to the psychopathic department He was 
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chronically alcoholic The symptoms and the blood picture were suggestive of 
hypermsuhnism The electrocardiogram showed myocardial weakness The blood 
pressure was 100 systolic and 60 diastolic Nitrogen monoxide, oxygen and ether 
anesthesia was used No definite tumor was found, but the tail of the pancreas 
was resected Postoperative shock (coma) was noted He died September 4 with 
a temperature of 108 F 

Posimo) tern Study — The heart showed hypertrophy with severe degeneration 
The liver showed fatty infiltration 

Case 6 — Mrs A J , a Negress aged 28, was a patient m the service of Dr Frank 
Hammond She had attended the “prenatal clinic” and was admitted to the hospital 
m labor on Nov 2, 1935 She was a pnmipara and was obese Sugar was observed 
in the urine at various times ante partum The Wassermann reaction of the 
blood was 4 plus The blood pressure was 176 systolic and 100 diastolic 
During induction of anesthesia with nitrogen monoxide and oxygen she suddenly 
stopped breathing and could not be revived The child was not delivered 

Postmortem Study — The heart showed cardiac hypertrophy The brain showed 
a hypoplastic circle of Wilhs 

Case 7 — Mrs L 0 , a Negress aged 28, in the service of Dr Hubley Owen, was 
admitted to the hospital March 15, 1935 She had taken salts on March 12 The 
blood pressure was 140 systolic and 75 diastolic Appendectomy and drainage of 
an appendical abscess were done on March 15 with the patient under nitrogen 
monoxide, oxygen and ether anesthesia There were convulsions tor four day's before 
death The patient died March 20, with a temperature of 108 F 

Postmoitem Study — There w'as a well walled-off pelvic abscess The heart 
showed severe myocardial degeneration with atheroma of the aorta The hvei 
showed hemosiderosis The lungs showed atelectasis 

Case 8 — Mrs E C , a Negress aged 31, m the service of Dr Frank Hammond, 
was admitted to the hospital on Nov 13, 1934 There was a history of occasional 
dyspnea on exertion and dizziness The blood pressure was 120 systolic and 80 
diastolic Cardiac examination gave negative results Slight pitting edema of 
the ankles w'as present The Kahn reaction was negative Operation (hysterectomv 
and appendectomy) was performed November 15 with nitrogen monoxide, oxv'gen 
and ether anesthesia The immediate reaction was good, but several hours later 
shock (coma) was noted The patient died November 16 

Postinoi tan Study — There w’as a moderate secondary hemorrhage (1 liter) 
m the pelvis The heart w'as hypoplastic and showed seveie myocardial degen- 
eration 

Case 9 — Dr W V, a white man aged 32, in the service of Dr J 0 Bower, 
Dr P McCarthy and Dr J R Moore, was admitted to the hospital April 20, 
1933, with fracture of both femurs following an automobile accident After open 
reduction both femurs were involved by chrome osteomyelitis Thirteen operations 
were subsequently performed After the last operation, performed Sept 13, 1936 
with spinal anesthesia, the patient showed ev'idence of shock Right hemiplegia 
was noted The patient died October 3 

Postmoitem Study — There was atrophy' of the iliac arteries and veins, with a 
recanalized thrombus of the inferior vena cava The aorta showed a partialh 
organized mural thrombus The brain showed an anomalous circle of Willis 
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Case 10 — Mr W C, a Negro aged 33, in the serMce of Dr Louis Englerth, 
was admitted to the hospital Jub' 1, 1935 He had been a tvphoid carrier since 
1933 The blood pressure was 105 sjstolic and 70 diastolic Cardiac examination 
gave negative results The urine ga%e a 2 plus reaction for albumin The Kahn 
reaction was negative Cholecystectomy was performed Juh 3 Procaine hjdro- 
chloride (spinal) anesthesia w'as used The blood pressure was 180 sjstolic and 
120 diastolic After administration of the anesthetic and during the operation 
the blood pressure fell rapidly and the respirations became shallow, ceasing twenty 
minutes after the anesthetic was gi\en Artificial respiration and intraecnous 
dextrose were used, but to no avail 

Postmoitcm Study — The heart showed concentric Iwpertrophj of the left 
ventricle 

Case 11 — Mr L L, wdiite, aged 33, in the scr\icc of Dr Louis Englerth, was 
admitted to the hospital Oct 12, 1935 There was a histor\ of pain in the right 
side since December 1 The patient w'as markedlj obese The urine gave a 3 plus 
reaction for albumin and contained sugar The blood pressure was 145 systolic and 
95 diastolic Operation (appendectomy for a gangrenous ruptured appendix) was 
performed December 10, with nitrogen monoxide, oxvgen and ether anesthesia On 
December 11 the patient was stuporous Weakness was noted on the right side 
He died December 12, with a temperature of 105 F 

Postmortem Study — The heart showed hypertrophv The liver showed fatty 
degeneration The brain showed a hypoplastic circle of Willis 

Case 12 — Mrs J W, a Negress aged 33, in the service of Dr Harvey Righter, 
was admitted to the hospital March 6, 1929, for an incomplete abortion There 
had been profuse bleeding from March 3 until admission Edema of the ankles 
and palpitation had been noted during pregnancy The heart was enlarged, the 
rhythm was irregular The blood pressure was 160 systolic and 90 diastolic The 
Kahn reaction was 4 plus Dilation and evacuation of the uterus were done with 
the patient under nitrogen monoxide anesthesia She stopped breathing at the end 
of the operation, and artificial respiration was instituted She recov ered temporarily, 
but right hemiplegia and flaccidity of the extremities developed on Alarch 20 She 
died March 23 The temperature at death was 107 F 

Postmoitcm Study — The liver showed fatty degeneration 

Case 13 — Mrs A K, white, aged 36, in the service of Dr P McCarthy, was 
admitted to the hospital Sept 17, 1935 The systolic blood pressure varied between 
160 and 204, the diastolic pressure being 110 The clinical picture of the Cushing 
syndrome had been present for two years Exploratory laparotomv was done 
November 1 for a possible tumor of the adrenal gland, cvclopropane anesthesia 
being employed No tumor was found, but the left adrenal gland and the tail of 
the pancreas were removed The patient responded poorly' to the operation and 
died, apparently from shock, November 3 

Postmoitem Study — The heart showed severe myrncardial degeneration with 
fragmentation The liver showed fatty degeneration The kidneys showed 
nephrosclerosis 

Case 14 —Mrs E D , white, aged 42, in the service of Dr C A Behney, was 
admitted to the hospital Feb 18, 1936, because ot uterine bleeding The urine gave 
a 3 plus reaction for sugar and a 2 plus reaction for albumin A hysterectomy, a 
bilateral salpmgo-oophorectomy and an appendectomy were performed because of 
a fibroid tumor The blood pressure was 208 systolic and 98 diastolic The 
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erythrocyte count was 3,000,000 per cubic millimeter of blood The Wassermann 
reaction of the blood was 4 plus Ether anesthesia was used The patient lived 
eighteen hours after the operation She was irrational, and tonic spasms were 
noted She died February 20 with a temperature of 104 F 

Postmortem Study — The heart showed a healed cardiac infarct 

Case IS — Mrs S B V , white, aged 43, in the service of Dr Harvey Fighter, 
was admitted to the hospital Aug 12, 1926 There was a history of chronic 
glomerular nephritis, allergy to food and drugs and dyspnea on e^^ertion for one 
year Appendectomy was performed August 12, with nitrogen monoxide and 
oxygen anesthesia The patient collapsed after the operation, while still in the 
operating room, and never recovered consciousness She died August 14 

Postmortem Study — The heart showed hypoplasia 

Case 16 — Mrs M S , white, aged 49, in the sei vice of Dr EL Ehason, was 
admitted to the hospital March 22, 1936, because of weakness, dyspnea on exertion 
and pain m the right leg Physical examination showed cardiac enlargement, mitral 
stenosis, auricular fibrillation and evidence of occlusion of the right femoral artery 
The blood pressure was 170 systolic and 80 diastolic The value for blood sugar 
was 163 mg per hundred cubic centimeters On April 1 a midthigh amputation 
was performed on the right, with nitrogen monoxide, oxygen and ether anesthesia 
On April 2 the patient was mentally confused She died April 3, with a temperature 
of 102 F 

Postmoi tern Study — The heart showed chronic rheumatic valvulitis 

Case 17 — Mrs S S , white, aged S3, was admitted to the hospital from the 
service of Dr Harvey Righter The past history was irrelevant Cardiac examina- 
tion gave negative results The blood pressure was 134 systolic and 82 diastolic 
On Aug 11, 1934, incision and drainage were done for tenosynovitis of the fourth 
finger of the left hand Nitrogen monoxide and oxygen anesthesia was used 
Reoperation was performed September 4, with incision and drainage for teno- 
synovitis of the left hand The same anesthetic was used The patient stopped 
breathing during the operation and remained in coma for five hours Thereafter 
she was irrational until death, which occurred Septembei 7 with a temperature ot 
lOS F 

Postmortem Study — The heart showed severe mvocardial degeneration The 
liver showed portal cirrhosis and fatty degeneration 

Case 18 — Mr S P, white, aged 57, was tiansferred to the service of Dr E L 
Ehason He was known to have had diabetes for four years He was admitted 
to the hospital in stupor on Aug 10, 1935 The value for blood sugar was 200 
mg per hundred cubic centimeters The erj'throcyte count was 2,920,000 per cubic 
millimeter, with 50 per cent hemoglobin The leukocyte count \vas 8,100 per 
cubic millimeter The carbon dioxide-combming power was 50 volumes per 
cent The blood pressure was 130 systolic and 80 diastolic On August 10 a mid- 
thigh amputation was done for an infected, gangrenous foot The stump was left 
open Cyclopropane anesthesia was used Clonic mo\ements were noted shortly 
after the operation The patient died August 15 vith a temperature of 106 F 

Postmoi tern Study — The heart showed calcified aortic and mitral lahes with 
mitral stenosis There was concentric h\ pcrtrophj The In er show ed earlv portal 
cirrhosis 
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Case 19 — Mrs A S , white, aged 62, was tiansferred to the scr\ice of Dr Louis 
Englerth She w^as admitted in coma to the metabolic department on Aug 16, 1937 
There was transient weakness of the right side of the body nine days before 
admission The blood pressure was 135 sjstohc and 35 diastolic Infection of 
the right foot was noted The coma responded to medical treatment Amputation 
of the right leg at the midthigh was done on August 17, with cjclopropanc anesthesia 
Complete right hemiplegia was noted on August 19 The patient died on that da\, 
w'lth a temperature of 108 F 

PostmoAem Study — The heart showed sc\ere atheroma of the coronary arteries 
and aorta and hypertiophy The kidnejs showed acute p 3 clonephritis The brain 
showed an anomalous circle of Willis 

Case 20 — Mrs E S , white, aged 65, was transferred to the serrice of Dr Louis 
Englerth She was admitted to the hospital Aug 11, 1934 She was known to 
have had diabetes for eight j'ears The blood pressure on admission was 142 
sjstohc and 62 diastolic The laluc for hemoglobin w'as 60 per cent The Iner 
w'as palpable 6 cm below the costal border The preopera tuc blood pressure was 
90 systolic and 52 diastolic Laparotomy w'as performed because of partial intestinal 
obstruction Empyema of the gallbladder was found Partial cholecjstectonw 
was pei formed with nitrogen monovide, oxjgcn and ether anesthesia Postoperatne 
twitching of the extremities w'as noted Death occurred twchc hours after the 
operation 

PosimoAem Study — The heart show'cd concentric h\pertrophj' with marked 
fibrosis of the mjmcardium The brain showed the circle of Willis to be extremelj 
hypoplastic 

Case 21 — Mrs R K , white, aged 70, in the ser\ ice of Dr W W Babcock, was 
admitted to the hospital Nov 10, 1937 She wns known to ha\e had diabetes for 
five years There was painful gangrene of the i ight leg The blood pressure ranged 
between 166 and 182 systolic and 70 and 90 diastolic There was a systolic aortic 
and mitral murmur A midthigh amputation was performed Jan 1, 1938, with 
cyclopropane anesthesia The patient show’cd confusion and catatonia She died 
January 17 with a temperature of 102 F 

PosimoAem Study — The heart showed a healed cardiac infarct The li\er 
revealed parenchymatous and fatty degeneration The kidnc\s showed benign and 
malignant nephrosclerosis The brain showed anomalies of the circle of Wilhs 

ABSTRACT OF DISCUSSION 

Dr Henry K Beecher, Boston The questions raised bj' Dr Behrend and 
Dr Riggs are so controversial that it is not likely that they W'lll be coinpletelj 
settled for a long time Dr Behrend assigns a role of primary importance to 
preexisting latent circulatory impairment in the causation of neurologic com 
plications With that concept I must disagree It is possible that that explanation 
accounts for the complications observed in some cases, although accumulation of 
convincing evidence on that score is difficult 

Patients who do not die at once of severe anoxia are bound to show con- 
siderable evidence of damage For a certain period, at least, this evidence increases 
The difficulties of distinguishing preexisting from postaccidental injunes increase 
with the length of time the patient survives after the accident 

Many more cases than have been reported by Drs Behrend and Riggs would 
be necessary to establish reasonable certainty of the significant presence of pre 
existing vascular lesions 
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Most persons pass through a considerable period of anoxia before death occurs 
Would It not be advisable, even necessary, to control the observations reported by 
an examination of pathologic material from patients who do not belong in this 
series, that is, by an examination of ordinary autopsy material to check the general 
frequency of evidences of old, latent circulatory impairment? 

I should like to ask Dr Behrend and Dr Riggs why it is (if preexisting latent 
circulatory impairment is of such importance) that these neurologic complications 
do not occur with some regularity in patients with frank circulatory lesions It 
IS my observation that they do not customarily occur in patients with frank cardiac 
or circulatory defects 

Convulsions occurring during anesthesia are one of the most dramatic forms 
of complication The single point on which everybody seems to be agreed con- 
cerning such convulsions is that they characteristically occur in children and in 
young adults Surely it would not be contended that latent circulatory impairment 
IS more common in this group 

In five years general anesthesia has been used in some 45,000 cases at the 
Alassachusetts General Hospital There have been nine convulsions in 8 patients 
Roughly, one-half (25,000) of the patients were charity patients, 20,000 were 
private patients , 15,000 of these private patients were anesthetized by essentially 
the same staff and by the same technics as the charity patients, yet all of the 
convulsions occurred m the charity patients There is no evidence, so far as I 
know, that such patients are more apt to have latent circulatory impairment than 
others 

I do not believe that one has any right to assign a greater importance to one 
suggested mechanism than to another I agree with Dr Behrend and Dr Riggs 
that anoxia is a probable cause of these complications The chief evidence for 
this is simple but indirect, it is known that anoxia does, on occasion, produce 
similar lesions Little else is certain 

Dr F H Lewy, Philadelphia I should like to mention one aspect of the 
mechanism of the phenomenon It is a well known fact that “high-strung” persons 
are not good risks for narcosis The good result of preoperative application of 
sedatives in preventing the operative shock suggests that the vasomotor nervous 
system may play a part in the conditions here described 

Anoxia of the brain cells, on the other hand, may be the direct consequence 
of angiospasms of the cerebral blood vessels or may follow peripheral vasomotor 
paralysis I should like to ask whether the history or the results of examination 
of any of the patients of Dr Behrend and Dr Riggs suggested the presence of 
constitutional vasolability and whether the condition of the i>atients spoke more 
m favor of angiospasm or paralysis 

Dr Albert Behrexd, Philadelphia It is essential for the surgeon to under- 
stand the importance of maintaining a supply of oxygen particularly to the brain 
but also specifically to the liver, kidneys and heart of a patient during and after 
an operative procedure More and more surgery is becoming applied physiology 
Ability to prevent many little understood postoperative complications involving 
the liver, kidneys, cardiovascular sj'Stem and brain will depend on a better under- 
standing of the physiology of these organs 

The patients in this series were all operated on m a citr institution In the 
cases of most of them cardiac and circulatory disorders uere neither apparent nor 
suspected I think that cerebral accidents occur in the presence of known cardiac 
and circulatory disease, but their relatne infrequencv mar be attributed to the 
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fact that in such cases great care is taken to avoid complications during the period 
of operation However, experienced clinicians all emphasize the difficulty of fore 
casting the response of a patient with cardiac disease to operation 

Dr Lewy has brought up a point of some importance We have had a patient 
who showed evidence of a very labile neurocirculatory mechanism The patient was 
a typhoid carrier admitted to the hospital for cholecystectomy In the course of 
routine examination he show'ed a blood pressure of 110 mm of mercury svstolic 
Under the stress of preoperative anxiety Ins blood pressure rose to 160 mm of 
mercury systolic He was then given a spinal anesthetic, and his blood pressure 
rapidly dropped, so that in forty minutes there was gradual slowing of the respira- 
tion and circulation and the patient died despite all efforts to lestore him Greater 
knowledge of the nervous control of the circuhtorv svstem maj help to explain 
postoperative shock in some cases 
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In 1930, Kay ^ obseived a rise in the level of serum phosphatase 
following fracture and suggested that this might be on the basis of 
increased local production of phosphatase McKeown and Ostergren - 
studied the phosphatase activity in healing fractures in albino rats 
They found a rise in osseous phosphatase during callus formation and 
a fall during development of the medullary space Peden® followed 
the concentration of plasma phosphatase in healing fractures in children 
and found a rise during the first few days, followed by a fall Gutman, 
Sproul and Gutman ^ found increased phosphatase activity at the site of 
osteoplastic metastases secondary to carcinoma of the prostate Botterell 
and King ® studied changes in callus and blood phosphatase in rabbits 
They found an increase at the site of fracture which lasted fifty to 
sixty days This was seen to be related to the degree of osteoblastic 
activity of the callus They found no significant changes in the 
phosphatase content of the blood Wilkins and Regen ® demonstrated 

From the University of Nebraska College of Medicine 

1 Kay, H D Plasma Phosphatase II The Enzyme in Disease, Particularly 
in Bone Disease, J Biol Chem 89 249, 1930 

2 McKeown, R M , and Ostergren, J I Phosphatase Content of Fractured 
Bone, Proc Soc Exper Biol & Med 29 54-56, 1931 

3 Peden, O D Plasma Phosphatase and Phosphorus During Healing of 
Fractures in Children, Arch Dis Childhood 12 87-90, 1937 

4 Gutman, E B , Sproul, E E, and Gutman, A B Significance of 
Increased Phosphatase Activity of Bone at the Site of Osteoplastic Metastases 
Secondary to Carcinoma of the Prostate, Am J Cancer 28 485-494, 1936 

5 Botterell, E H , and King, E J Phosphatase in Fractures, Lancet 1 
1267-1270, 1935 

6 Wilkins, W E , and Regen, E M Course of Phosphatase Actmtv in 
Healing of Fractured Bones, Proc Soc Exper Biol &. Med 32 1373, 1935 
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increased phosphatase activity at the site of fractures in rabbits, asso- 
ciated with a slight increase in blood phosphatase Hunsberger and 
Ferguson ^ found a vanable rise m values foi blood phosphatase during 
repair of fractures Roe and Whitmore ® have reported a number of 
cases in which increased phosphatase activity was associated with pro- 
liferation of bone Woodaid, Twombly and Bradle}’’ ^ found increases 
111 blood phosphatase in cases of bone tumor They showed that the 
highest values were obtained in cases of osteogenic saicoma It is seen 
that local osseous piohferation is associated with increased local phos- 
phatase activity and sometimes with increased values for blood phos- 
phatase It was felt that it would be of interest to study the relation 
between the phosphatase activit}' of the callus and its metabolic activity 
Because of the necessity of using macerated tissue for the metabolic 
determinations, only early calluses could be used 

METHOD 

Adult rabbits were used With sterile technic the radius on one side was 
exposed and the periosteum separated and elevated A portion of bone about 1 cm 
in length was removed The incision was then closed with a silk suture Immedi- 
ately before operation blood w'as removed from the heart for determination of the 
phosphatase content Since this work is concerned wuth tissues having a high 
phosphate content, a method of determination independent of phosphate blanks 
was chosen The method of King and Armstrong is well adapted to this end 
It was used for both tissue and blood At progressive intervals of three to four 
days after operation 2 rabbits were roentgenographed and killed, and the callus 
was removed for study Immediately after death blood was taken for determina- 
tion of the phosphatase content A small portion of the callus was reserved for 
microscopic study, and the remainder was weighed and macerated m Dixon-Ringer 
solution On this extract the oxygen consumption vv as measured by the method 

7 Hunsberger, A, and Ferguson, L K Vaiiations in Phosphatase and 
Inorganic Phosphorus m Serum During Fracture Repair, Arch Surg 24 1052-1060 
(June) 1932 

8 Roe, J H , and Whitmore, R Clinicopathologic Application of Serum 
Phosphatase Determination with Special Reference to Lesions of the Bones, Am 
J Clin Path 8 233-254, 1938 

9 Woodard, H O , Twombly, G H , and Bradley, L C A Study of 
Serum Phosphatase in Bone Disease, J Clin Investigation 15 193-201, 1936 

10 King, E J , and Armstrong, A R A Convenient Method for Determining 
Serum and Bile Phosphatase Activity, Canad M A J 31 376, 1934 

10a Dixon-Ringer solution is composed of the following ingredients 100 cc 
of solution of sodium chloride (0 9 Gm per hundred cubic centimeters), 2 cc of 
solution of potassium chloride (1 19 Gm per hundred cubic centimeters), 2 cc 
of solution of calcium chloride (1 47 Gm per hundred cubic centimeters), 2 cc of 
10 per cent dextrose 

The mixture was boiled for fifteen minutes, cooled in oxygen free from carbon 
dioxide, and made up to the original volume with water free from carbon dioxide 
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of Warburg The phosphatase was then extracted, the mixture being allowed to 
stand m the ice box for thirty-six hours and the supernatant fluid was used for 
determination of the value for tissue phosphatase Because of the small amount of 
tissue available, separate specimens could not be taken to determine the calcium 
■content As the calcium studied was insoluble, however, it was felt to be sufTicientlj 
accurate to use the tissue residue from the extraction for this purpose Organic 
matter was removed by digestion with concentrated nitric acid, and the calcium 
content was determined by a modification of the method of Clark and Collip 


RESULTS 

The results of this work are presented m table 1 The data are on 
a, basis of the wet weight of the tissue with the exception of the oxygen 
consumption, which is expressed in a conventional manner, Qoo being 


Table 1 — Tissue Metabolism and Phosphatase Activity m Eaily Callus 


Age of 
Fracture, 
Dajs 

Sc\ of 
Ammal 

Blood Phosphatase 

Initial Final 

Value Value 

Weight of 
Callus, 
Mg 

Phos- 

phatase, 

Units/Gm 

Qo* 

Calcium, 
Mg /Gm 
of 

Tissue 

4 

F 

31 

24 

144 

153 

—3 72 


4 

F 

43 

92 

165 

154 

—3 47 


7 

F 

62 

20 

65 

210 

—4 15 

46 

7 

F 

28 

38 

283 

21 

Failure 

07 

9 

F 

23 

32 

152 

3«0 

-0 80 

S3 

9 

F 

5 C 

39 

182 

1,050 

-3 78 

13 2 

10 

M 

43 

96 

101 

276 

—1 75 

69 

10 

F 

18 

61 

65 

154 

—2 75 

31 

12 

F 

20 6 

18 7 

82 

850 

— 2 55 

98 

12 

F 

23 8 

12 6 

105 

3,480 

—010 

20 0 

12 

F 

28 

00 

105 

200 

-0 20 

86 

12 

F 

61 

4 0 

144 

550 

—5 20 

35 


♦ Oxjgcn consumption in cubic millimeters per milligram of dry ireiglit of tissue in one hour 


the consumption of oxygen in cubic millimeters per milligram of dry 
weight of tissue per hour In tables 2 and 3 the changes m roentgen 
and microscopic appearance are outlined 

There appeared to be a considerable variation in the values lepresent- 
mg the metabolic rate, which was due to the inherent error of this type 
of determination plus individual variations m the callus There w'as on 
the average a falling off in metabolic activity as the age of the callus 
increased This must have been due to decreased activih of the tissues 
rather than to replacement by calcium, since the amount of calcification 
present in the early callus was not sufficient to affect materialh^ the 

11 Warburg, O Ueber die Rolle des Eisens m der Atmung des Seeigeleis 
Tiebst Bemerkungen uber emige durch Etsen bescbleumgten Ox\dationen, Ztschr 
f phjsiol Chem 92 231-256, 1914 

12 Clark, E P , and Colhp, J B Tisdall Method lor Determination oi 
Blood Serum Calcium with a Suggested Modification, J Biol Chem 63 461-464, 
1925 
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amount of active tissue present The results obtained hei e are m sub- 
stantial agreement with those given b)' Neuhaus 

The degree of calcification showed a general increase wuth age of 
the callus, but this also showed some xanabihty This was due in part 
to the possibility of vaiying degrees of decalcification of the ends of 

Table 2 — Roentgen Appcataucc of Hcahng Fractures 


Age of Fracture, 

Dajs Roentgen Appearnneo 

4 Sharp ostcotomj defect no callus no dccnlclflcntlon of fragments 
4 Similar to previous specimen, Email bone chip present 

7 Fossible earlj decalcification of bone adjacent to ostcotomj 
7 Triumntic fracture of ulna inarLcd soft ti'suc spelling 

9 Slight soft tisEUo spelling, cnrlj IncrcaEod dcn'lty throughout defect 

9 Similar to prcMous specimen 

10 Definite patchy calcium deposition in defect some decalcification of fragments 
10 Similar to prejious specimen 

]2 Marked but somewhat pntchj calcium deposition in ostcotomj defect 

12 Similar to prejious specimen, but callus thicker and not limited to region Of 

defect 

12 Rather dense patchy cnlcifleation, but ouantity much less than in previous 

two specimens 

12 Slight patchy calcification 


Table 3 — Mtcioscoptc Appeatanee of Hcahng Fiactuics*' 


Age of Fracture, 

Days Tissue Dlcmcnts 

4 Fibroblasts, capillaries small capillaries 
4 Fibroblasts, fibrous tissue rolatlvclj few vessels 
7 Dense fibrous tissue early calclflcation osteoblastic dllTcrentintion 
7 Fibrous tissue oarlj calcification, necrosis cellular Infiltration 
9 Young bone spicules with fibrous tissue among them 
9 Dense fibrous tissue centers of carh ossification 
10 Extensive young bone formation 

10 Dense fibrous ti'sue early calcification 

12 Dense fibrous tissue early calclficntion 

12 Extensive young bone formation 

12 Fibrosis slight calclflcation 

12 Fibrosis slight calcification 


* In interpretation of the microscopic material It must be remembered that these sections 
may not all be representative because of the small amount of tissue available The larger 
pieces were taken for metabolic studies 

the bone at either side of the osteotomy , also small bone chips or bone 
dust left m the osteotomy defect may have had some effect on the 
amount of calcification, either by the addition of calcium compounds as 
such or by early assimilation of the minerals in the formation of new 
bone Specimens having a high calcium content showed microscopically 

13 Neuhaus, C Ueber den Stoffvvechsel des Granulationsgevvebes (Atmung 
und Glvkoljse), Beitr z path Anat « r allg Path 83 383-430, 1929 
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the best developed bone, with formation of well defined spicules 
Leriche and Jung/^ in studying local utilization of calcium at sites of 
fracture, found a similar variability and generally a similar degree of 
calcification of the early callus They ascribed the variations to varying 
degrees of decalcification of the fragments and of utilization of the 
mmeial elements m laying down new bone This effect was probably 
less in our work, since a rather large defect existed because of the 
osteotoni) Their results were obtained with callus from reduced human 
fractures 

The phosphatase activity started at a relatively low value, rising 
with active pioliferation of bone Because of the necessity of using soft 
tissue prepaiations this could not be followed far, but, as has been 
shown by other woikers, the concentration may be expected to fall 
during restoration of the medullary cavity In spite of the variability 



shown in the values for the different quantities studied, theie was close 
correlation between the amount of calcification and the phosphatase 
activitj Fractures showing extensive calcium deposition in the callus 
with good roentgen evidence of early union and microscopic evidence of 
new bone formation all showed high Ica'cIs of phosphatase activity In 
combination with the lack of correlation between the other quantities 
this is strong evidence that the rapidity of healing of the fracture is 
dependent on the amount of phosphatase produced locally In this 
study, the degree of healing in the earl}'- stages was not dependent so 
much on the age of the fracture as on the amount of phosphatase that 
has been produced This was particular!) veil illustrated in the case 
of the second rabbit killed on the seventh day The phosphatase activit) 

14 Lcnche, R, and Jung, A Docuincnfs concermnt I’utilisation locale du 
calcium pro^ena^t d’un fojer d’osteoljse, etude sur les mecani'imes de I’octeogcnt^e 
Rev de chir. Pans 76 378-381, 1938 
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was about one-tenth that observed m the first rabbit studied on the same 
day The amount of calcification was also gieatly less Grossly and 
mici oscopically the legion showed evidence of infection This sug- 
gests that infected fractures show dela3ed healing, in part due to 
deci eased phosphatase activity 

There was no definife shift in the values for blood phosphatase As 
many values wei e below the initial level as n ei e abo\ e it, and the mean 
showed no significant change This is in agreement nith the work of 
othei investigators, who have found that theie is no definite i elation 
between the level of blood phosphatase and the healing of fractuies 

SUM MAR\ 

The relation of blood phosphatase, tissue phosphatase, tissue calcium 
and tissue metabolism was studied m a senes of ralibits subjected to 
osteotomy 

There was an initial rise in tissue metabolism of the callus followed 
by a fall Theie was an iriegular increase m phosphatase actniti and 
calcium deposition with tune The changes in concentiation of serum 
phosphatase were not characteristic 

A close 1 elation nas found between the phosphatase activit)' of the 
callus and the amount of calcium deposition 
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In the course of an eaiher investigation ^ it was noted that a healing 
infected fracture showed a much lowei level of phosphatase activity 
than did a sterile one of the same age This suggested that letaided oi 
suspended healing of infected fiactuies may be the lesult of diminished 
phosphatase activit} The literature concerning the relation between 
fractures and phosphatase activit)^ m blood and bone has been reviewed 
previously ^ It has been pointed out by Roe and Whitmore - in a clinical 
study of phosphatase activity m chionic infections of bone that there was 
no uniform rise m the phosphatase content of the blood 

METHOD 

Bilateral osteotomy witli block resection of 1 cm of the shaft was done on 
the radiuses of adult rabbits, and at the same time blood was removed from the 
heart for initial determinations of the level of phosphatase The osteotomy wound 
■on one side was closed by a sterile technic The osseous defect produced on the 
•other side was infected by injecting into it 0 1 cc of a broth suspension of hemolytic 
streptococci With the first animal of the series it was found that, although during 
fhe first week an inflammatorj change was maintained, at the end of two or three 
weeks the infected side showed good healing and was indistinguishable from the 
sterile side This series (3 rabbits), in which there was rapid healing of the 
fractures, has been designated series A In order to maintain infection for a 
longer time a special technic was employed The broth suspension of the organism 
was placed in a small gelatin capsule, which was sealed with collodion, the capsule 

From the University of Nebraska College of Aledicine 

1 Tollman, J P , Drummond, D H , Alclntyre, A R , and Bisgard, J D 
Tissue Metabolism and Phosphatase Activity in Early Callus, Arch Surg , this 
issue, p 43 

2 Roe, J H , and Whitmore, R Clinicopathologic Application of Serum 
Phosphatase Determination with Special Reference to Lesions of the Bones, Am J 
Clin Path 8 233-254, 1938 
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was then placed in the space between the bone fragments at the site of the osteotomy 
This had the effect of sharply localizing the infection, allowing slow diffusion of 
the infected material into the tissues as the capsule disintegrated and adding a 
foreign body to help m keeping up the inflammatory change By this method 
actne infection wms maintained for three weeks, after which the infected side 
showed healing to a degree only slightly inferior to that shown by the sterile side. 
This series ot animals, with slowly healing fractures, has been designated as 
senes B At progressive intervals of one w’cek postopcratively a rabbit was killed, 
blood was taken for determination of the level of serum phosphatase and the callus 
was dissected out from either side A.ftci a small fragment had been removed 
lor microscopic examination, each callus was weighed, macerated with S cc of 
0 85 per cent solution of sodium chloride and allowed to stand in the ice box 
lor twenty -four hours to extract the phosphatase One cubic centimeter of the 
"iipernatant fluid was used for determination of the phosphatase content by the 
method of King and 'krm-'trong ^ Determination of the value for serum phos- 
phatase was made at the same time The residual saline solution together with 
the fragments of tissue was evaporated to dryness at 110 C to obtain the dry 
weight of the specimen The organic matter of the residue was decomposed by 
evaporation with nitric acid and ignition at red heat The inorganic matter was 
taken up in nitric acid and was transferred to a centrifuge tube for determination of 
the calcium content by the method of Clark and Colhp * 

RCSbLTS 

The results of this work are summaiized m tables 1 and 2 Both the 
di} and the wet weight of the tissue have been used in calculating the 
lesults The dr} weight was determined, since it has usually been 
considered as the pnmar) standard of w'cight, but w-e feel that the wet 
weight IS more significant here Since the early callus is soft, edematous 
granulation tissue which is rather bulky, the wmt w'eight more truly 
approximates the w'eight of active tissue present Calculations based on 
the dry w'eight of such loose edematous tissue give rise to abnormally 
high values for phosphatase and calcium 

The first part of table 1 show's the changes in rabbits wnth rapidly 
healing infections It is seen that the initial lev'el of phosphatase w'as 
much lowei in the infected side, and there wms, similarl}', a much smaller 
amount of calcium For the steiile side there w'as a higher v'alue for 
phosphatase and an increased amount of calcium As the infected side 
began to heal and overcome the infection, it approached closely the 
characteristics of the steiile side In fractures two and three weeks 
of age it was difficult to distinguish giossly or microscopically between 
the infected and the sterile side This similarity m appearance was 
associated with almost identical values for calcium and phosphatase 

3 King, E J , and Armstrong, A R A Convenient Method for Determining 
Serum and Bile Phosphatase Activity, Canad M A J 31 376, 1934 

4 Clark, E P , and Colhp, J B Tisdall Method for Determination of Blood 
Serum Calcium with a Suggested Modification, J Biol Chem 63 461-464, 1925 
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and calcium concentiation on the infected side began to resemble those 
on the uninfected one This tendency for the phosphatase and calcium 
content of the infected callus to appioach that of the steiile callus is 
cleail) illustiated m chait 1 Chart 2 shows the relation between the 
phosphatase activity and the degiee of calcification This correlation 
IS not as close as was shown pieMously b}^ some of us 

It will he observed that the values foi blood phosphatase inci eased 
over the initial levels dm mg the healing of the infected fiactures (table 
2) The consensus is that there is no characteristic change m the level 
ot phosphatase m cases of fiacture due to osteomyelitis In our pre- 
\ious woik^ with sterile fractuies in labbits there was no consistent 
change in the values for blood phosphatase In infected fractures there 
was a uniform rise above the initial values, but, since noimal limits were 
not exceeded, determinations of the values foi phosphatase m the blood 
w ould have no clinical value 

SUMMARY 

In this stud}, the levels of phosphatase and of calcium in infected 
fiactuies in rabbits w'ere low’ei than in sterile fractures 

Theie \vas a unifoim rise m the level of blood phosphatase m the 
infected senes 

In both infected and sterile fractures, high levels of phosphatase 
activity were associated wuth the presence of large calcium deposits 



THE CARPUS, WITH REFERENCE TO THE 
FRACTURED NAVICULAR BONE 

EDWIN FRENCH CAVE, MD 

BOSTON 

When a certain fiactuie fiequently does not respond to the forms 
of treatment which usually produce satisfactor}' results in other frac- 
tures, theie IS, as a rule, much speculation as to the causes of failure 
of healing, and many suggestions are advanced for the proper form of 
tieatment to be employed 

Injuries to the caipal bones, with one oi tuo exceptions practicalh 
always heal when they are reduced piopcrl) and immobilized for a short 
time The frequent exception to this lulc is fracture of the carpal 
navicular bone Aseptic necrosis of the lunate bone not uncominoiih 
gives an unsatisfactoi}' icsult, but dislocations and the othei fractures, 
if promptly reduced and immobilized, aie generall}' followed b) good 
retuin of function and usefulness of the hand Although fractures 
and dislocations of the carpus are not common (approximately 2 per 
cent of all fractures, accoiding to a iCMew of 4,500 fractures at the 
Massachusetts General Hospital), the}' aie extiemely important injuries, 
because failuie to make a careful diagnosis of the injury, based on a 
thorough knowledge of the anatomy of the part, frequently lesults m 
delayed or misguided treatment, and a disabled hand ma} be the ultimate 
result 

DEVELOPMENT OE THE CARPUS 

The development of the carpal bones usually follow's a definite plan, 
and anatomic variations aie infiequent The bones are caitilaginous at 
birth, and during the first year the ossification centers of only the capitate 
and hamate bones appeal The lemainmg ones appeal betw'een the 
second and the eighth yeai (fig 1), except the pisiform bone, w'hich 
does not appear until the tenth year or latei (fig 2) Inflammatory 
processes may cause the ossification centers to appear eailiei than normal 
(fig 3) Tuberculosis was the exciting cause m the case illustiated 
Poliomyelitis oi prolonged congestion of the extremity fiom any cause 
may have the same effect Delayed development of the carpus may 
occur m chondrodystrophies and as a familial characteristic, as lecoided 
by Hess and Abramson, ^ usually these bones develop fiom a single 
ossification c enter, but there are exceptions The most common of the 

Fr^ the Fracture Clinic of the Massachusetts General Hospital 

1 Hess, A F , and Abramson, H J Pediat 3 158, 1933 
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anatomic laiiatioiis is the hipaitite naviciilai bone I have seen no such 
anomaly, and I wondei, as do otheis (Wette - ), whether such an appear- 
ance may not ah\a}s be due to an old uniecognued fractuie which has 
pioduced a pseudarthiosis Caieful investigatois (Dwight,^ Todd,^ 
Pfitznei,' Speed® and otheis), however, have lepoited such A'aiiations 
and haie stated that they ma}'' also occur in the capitate bone Usuall}'' 



Fig 1 — Early stages in the development of the carpus In A, at birth, the 
carpus IS entirely cartilaginous, in B, at 6 months, the ossification centers of the 
hamate and capitate bones are present , C, at one year , in D, at 2 years, the ossifi- 
cation centers of the hamate, capitate and triangular bones are present 


2 Wette, W Arch f orthop u Unfall-Chir 29 320, 1931 

3 Dwight, T Variations of the Bones of the Hands and Feet, Philadelphia, 
J B Lippincott Company, 1907 

4 Todd, A H Brit J Surg 9 7, 1921 

5 Pfitzner, W Ztschr f Morphol u Anthropol 2 77, 1900 

6 Speed, K Traumatic Injuries to the Carpus, New York, D Appleton and 
Company, 1925 
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these anatomic variations are bilatcial, and there may be no histor} ot 
injury Todd stated that they may be associated with other congenital 
abnoimahties, such as web fingers and piemature synostosis of tlie 
phalanges In the bipartite navicular bone, he wrote, "the line of 
division runs obliquely from neai the outer end of the articular surface 
for the ladius to about the middle of the concavity for the head of the 
os magnum" ® — m other w^ords directly through the “w aist” of the bone 



Fig 2— Later stages in the development of the carpus In A, at 6 years, the 
capitate, hamate, triangular and lunate bones are present while the centers of 
the navicular and the multangular bones are )ust appearing , in B, at 7 jears, all the 
bones are present but the pis form bone, in C, at 12 years, all the bones are ossified 

Examining 1,456 wrists, Pfitzner '* found in 9 complete bipaitite navicu- 
lar bones, m 29, the bone was partially cleft Codman and Chase' 
low'ever, found no bipartite navicular bones m 1,040 wuists examined 
o instances of failure of appearance of any carpal bone have been 
reported, and no accessory bones have been recorded 


7 Codman, E A , and Chase, H M 


Ann Surg 41 321 and 863, 1905 
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BLOOD SUPPLY OP THE CARPUS 

The blood suppl}' to the carpus is lelatively inadequate There are 
small nutiient arteiies, which deiive their blood supply from teiminal 
twigs of the ulnai and radial arteries and which, aftei being carried 



Fig 3 — The effect of inflammation on the development of the carpus, shown 
by roentgenograms of both hands of a 6 year old child In A the diseased hand, 
all the bones are well calcified, in B, the normal hand, only the ossification centers 
of the capitate and the hamate bone are fully developed 

along supporting ligaments, entei the fibrous covering representing the 
periosteum Lexer’s ® preparations show ing the circulation of the navicti- 


8 Lexer, cited by Kuchel, W Miinchen med Wchnschr 80 1350, 1933 
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lai bone demonsti ated two nutuent \cssels, one entering tlic tuberosity 
and another, a laigei one, entering the middle of the body of the bone 
and giving off pioximal and distal branches (fig 4) Johnson " studied 
the blood suppl} of the na^ iculai bone in dogs in relation to repair of 
bones and concluded that the supply \%as adequate 

\X ATOM'S 

The impoitance of the anatomic ariangcmciu of the carpal bones 
cannot be too stiongly emphasired (fig 5) to one who expects to treat 




Fig 4 — Blood supph to the m\icuHr bone (alter Lever) 


■ I 


I \ 



Fig 5 — Anatomic arrangement of the carpal bones 


these caipal injuries Indistinct fractures and minor subluxations ar^ 
frequently overlooked, not through failure to take roentgenograms but 
thiough Ignorance of the anatomy of the parts in various positions of 
the hand Such negligence had occurred in the following case (fig 6) 

Case 1 J L, a man aged 22, was admitted to the hospital on May IL 1^34 
Three months before, he had fallen, striking the right wi ist , he had been seen 3t 


9 Johnson, R W , Jr J Bone & Joint Surg 9 482, 1927 
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another hospital, where roentgenograms were pronounced normal Two weeks before 
admission, the hand had been forced into dorsifle^ion, increasing pain in the wrist 
Roentgenograms re\ealed fracture of the navicular bone in the midportion The 
patient was given a leather wristlet, which he w'oie four months Roentgenograms 
at tile end of that time show'ed bony union 

End Result — Examination after tw'o j^ears show'ed the patient free of simptoms 
and his motions normal Roentgenograms showed bonv union 



Fig 6 (case 1) — Roentgenograms of a navicular fractme A anteroposterior 
and oblique views made at the time of the inquiry, showing a faint line across the 
waist of the navicular bone, undoubtedly representing the original fracture, although 
the injury was not discovered in the original examination of the roentgenograms, 
B, three months later, showing a well developed fracture line, C, after the wearing 
of a leather WTistlet foi ten months, showing the fracture well healed 

Although the anatomy of these caipal bones is too well described 
in the usual textbooks to necessitate discussion here, certain facts may 
be emphasized The first low of the carpus, consisting of the navicular, 
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lunate, tiiangulai and pisifoini bones, is on its sin laces largely carti- 
laginous, the lemaining poitions scivc foi ligamentous attachments 
The second low, made up of the gicatei and lesser multangular, the 
capitate and the hamate bone, is less cartilaginous but is more extensively 
coveied by the ligamentous attachments This low is more firmly held 
together by the supposing ligaments than arc the navicular and the 
lunate bone, which arc moie exposed to tiauma because of their loca- 
tion and their movable aiticulations with the radius On the volar 
suiiace there aie tendinous attachments only to the pisiform, hamate 
and greatei multangular bones, while on the dorsal surface there are 
none The navicular bone, wdneh is of most concern in this discussion, 
aiticulates fiom the dorsum with the radius, the greatei and the lesser 
multangular bone and the lunate bone On its volar surface the navicular 
bone IS in contact with the greater and the lesser multangular bone, 
the capitate bone, the lunate bone and the radius 

PATITOLOGV 

When any bone is fractured, the blood supply to the fragments is 
temporarily inleriupted This is particularly true of the carpal bones, 
and especially so of the carpal navicular bone If the fiacture line runs 
directly through the bifurcation of the mam artery, which enters the 
midportion of the navicular bone, nutiition to the proximal fragment 
is interrupted, the distal fiagnient is nourished, however, by the artery^ 
entering the tubeicle (fig 4) Such inteiference with the blood supply 
to the proximal fragment explains the failuie of union in a large per- 
centage of navuculai fractuies m the middle and proximal regions 
After immediate i eduction and fixation aie earned out, there is rather 
quick restoration of blood v'essels acioss the fracture line If treat- 
ment IS delayed, a scar forms and the blood channels aie sealed oft 
Even after several weeks has elapsed, it is possible to promote restora- 
tion of blood supply to the fragments if immobilization is carried out 
for a sufficient length of time, as illustiated m case 1 If nonunion 
does become established, if one or both fiagments show m a roentgeno- 
gram a density greater than that of the other caipal bones, it is probable 
that pseudarthrosis is permanent and that no amount of fixation will 
promote formation of new blood vessels (fig 7) In piolonged non- 
union, vacuolation may result and only a shell of the navicular bone 
remain (case 13, fig 17), the fiagments taking on much the same 
appearance as those of the lunate bone m Kienbock’s disease 

Johnson® m his expeiiments on dogs found that the fragments of 
the fractured navicular bone weie not to any extent deprived of their 
blood supply He expressed the opinion that the reparative process )S 
carried out by cancellous bone but is slow^er in the navicular bone than 
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in the long bones and that the absence of peiiosteal callus is an impoitant 
factoi in the slow union of the naviculai bone He discounted the 
impoitance of the lytic action of the synovial fluid, a function wdiich was 
ad^ocated by j\Iuiiay’“ as a factoi in producing nonunion Johnson® 
stated also that undue mobility at the fiactuie site is not a factor in 
pioducing delayed union, since the fiagments aie so closely apposed 
Delajed union, theiefoie, is piobably pioduced by no one factoi but is 
bi ought about by a combination of excess motion, mteiference wuth 
blood supply, possibly the piesence of synovial fluid and the absence of 
periosteal callus 



Fig 7 — Nonunion of the fractured navicular bone, complete and permanent 
Possibly a bone graft and drilling may produce union, but external fixation never 
will 


DIAGNOSIS BY ROENTGEN EXAMINATION 

The hand may be placed in various positions so that in the roent- 
genogram the bones may appeal to have an abnormal relationship 
(fig 8) If the anteroposterior view^ of the navicular bone is made 
with the wrist m ladial deviation the bone may ajopear shortened or 
subluxated, whereas wuth the w^rist in ulnar deviation the true long axis of 
the bone is visible and any abnormality is more easily seen It is there- 
fore not only important to have standardized methods of roentgen 
technic but also necessary to have adequate knowledge of the relation- 
ships of the carpus in the various positions of the hands For studying 


10 Murray, C R Ann Surg 93 961, 1931 
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the navicular bone, both hands should be photographed on the same 
plate (fig 9) , the anteroposterior view with the hands in ulnar devia- 
tion and the oblique views with the hands in midpronation are most 
important 

MECnVNISM, DIAGNOSIS AND T\ I>LS Or INJLRV 

Fiactuie of the navicular bone is by far the most common injui} 
to the carpal bones In our senes of 110 carpal injuries it occurred 
sixty-eight tunes, eithei alone or in conjunction with other injuries 
to the wiist (The accompanying table shows the tjpes of injuries to 
the carpal bones ) Patients are usually of the male sex, especially joung 
adults who are exposed to severe trauma In most instances the injun^ 
occurs m acute doisiflcxion of the wrist, force being applied iiidirecth 



Fig 8 — Apparent, not actual, fracture of the naMcular bone Roentgenograms 
of the hand A, in radial deviation, showing an apparent fracture of the navicular 
bone , B, m ulnar deviation, show ing long axis of the bone and revealing no fracture 


Types oj Injui ics oj the Carpal Boius 


^actured naviculai bone, recent, without otlier carpal Injurj 
^actured navicular bone, old. without other carpal Injure 
Fractured navicular bone with other carpal injurj 
Dislocated lunate bone without other carpal injun 
Dislocated lunate bone with other carpal injuri 
Retrolunar dislocation of capitate bone 
Fractured lunate bone 
Kienbock’s disease 

Miscellaneous fractures including chip fractures 
Gist of lunate bone 
Cyst of navicular bone 

Congenital fusion of triangular and lunate bones 


ofCa'es 

SI 

26 

8 

S 

5 

6 

5 

6 
11 
1 
3 
1 


110 
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to the naviculai bone through the second and first metacarpal bones 
and the second row of the carpus , or the blow may be received dn ectly 
on the tubeicle of the bone In 2 cases in the senes the naviculai bone 
was fractured by a fall which forced the hand sharply into radial devia- 
tion and palmai flexion Given a patient with such a history, with pain 
in the wrist, which is moderately swollen but without deformity, with 
tenderness over the “snuff-box” or ovei the tubercle of the navicular 
bone, one must strongly suspect injury to this bone Motions may be 
only moderately limited, and the usual signs of fractuie of a long bone 
aie absent Roentgenogiams taken carefully with the hand m special 
positions are necessarv Usually the fracture occuis in one of three 



Fig 9 — Positions of hands for roentgenograms of navicular bone A, ulnar 
deviation, B, midpronation, oblique view, C, lateral, D, extreme pronation, oblique 
view 

places (fig 10), listed here m order of frequency the cential portion, or 
“waist,” of the bone (type 1) , the junction of the proximal and the 
middle third (type 2), and the tubercle of the bone (type 3) To 
produce fractures of types 1 and 2, the wrist must be forced sharply 
into dorsiflexion or palmar flexion, with sharp radial deviation Such 
a position compresses the navicular bone between the greater multangular 
bone, the radius and the lunate bone A fractuie of type 3 is sustained 
when the hand is foiced into dorsiflexion and ulnai deviation In this 
position the tuberosity is pulled off bj' its ligamentous attachments 
Rarely is the navicular bone fractured by a direct blov , when it is, the 
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fracture may be comminuted, of type 4 (fig 11) Occasionally the frac 
ture, although present, may not be demonstrable because of the impaction 
(case 1) In such a case, if the clinical findings are consistent with a 
diagnosis of navicular fracture the wrist should be immobilized at once, 
and fuithei i oentgenograms should be made three weeks and possibl) 
SIX w eeks afterward, when the fracture will be demonstrable because ot 
the absorption that always takes place at the fracture line 

TREATMENT OF NAVICULAR FRACTURES 

For all fresh fiactures of the carpal na\icular bone (t 3 pe 1), tor 
fractures through the midportion (tjpe 2) and for fractures at the 



Fig 10 — Sites of fracture in the navicular bone 

junction of the pioximal and the middle thud, whether partial or com 
plete, with 01 without sepaiation of the fragments, early and compk^^ 
immobilization of the thumb, hand and lowei t\vo thirds of the forearm 
should be carried out (fig 12) It is ideal to immobilize the thumb 
completely, the wrist should be m a position of approximately 30 degrees 
dorsiflexion and 15 degiees radial deviation, since this position appro'"' 
mates the fractured surfaces The fingers are left free and motion of 
them IS encouraged from the start Bolder and his colleagues, 

11 Bohler, L Wien med Wchnschr 85 803, 1935, The Treatment of Frac 
tures, ed 4, translated by E W H Groves, Baltimore, William Wood &• Company- 
1935 
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Fig 11 — Comminuted fracture of the carpal navicular bone This tjpe ol 
fracture is best treated by primary excision of all fragments Reduction cannot 
be effected, and if operation is not done early traumatic arthritis is certain to follow 



Fig 12 — Circular plaster splint for immobilization of fractured na\icular bone 
A, anteropostei lor view , B, lateral view 
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Schneck and Watson- Tones have advocated use of the light, non- 
padded dorsal splint I have felt that the circular plaster offers better 
fixation and is less apt to be distuibed by the use of the hand The plaster 
should be worn until union is demonstiablc in roentgenograms Rarely is 
this union accomplished in less than eight weeks When union is estab 
lished it IS Avell to supply the patient with a leather wristlet made from a 
plaster model, which holds the hand in a position of slight dorsiflexion It 
can be woin when the patient is at woik and di scalded at night I see 
no value in physical theiapj' m this t3'pc of fracture In many of iii) 
own cases, I feel suie, it has been harmful, for too much reliance has 
been placed on increasing the blood supplj by heat and massage, and 
not enough attention has been paid to piolonged immobilization If 
necessaiy, immobilization should be earned out foi four months before 
one admits that the patient has nonunion If at the end of that time 
nonunion seems to be definitely established (the diagnosis of tins is 
based entiiely on roentgenogiams), opciativc treatment is indicated Of 
34 patients with recent naviculai fractures, 12 who were c\amined 
at the end of one year or longer had no disabiht} Yearly end 
results W'^eie not obtained foi the lemaimng 22 patients Bolder,” 
after expeiience with 300 recent navicular fractures, stated that all such 
fractures heal if immobilization is earned out for six weeks Schneck” 
in his excellent monograph agreed essentially with this point of view 
He reported union m 100 pei cent of his cases m wdneh the fractures 
were no moie than three wrecks old wdien treatment was started 
Haldeman and Soto-Hall “ secured union by plastei fixation in 75 per 
cent of 16 recent navicular fractures Hirsch “ stated that all fresh 
navicular fractures unite by bone if they are immobilized for as long 
as six weeks Wette - recommended immobilization foi eight wrecks or 
longer Speed advocated prolonged immobilization 

Fractures of the tubercle of the navicular bone (t)pe 3) ahvays 
heal, for a fracture of this kind is largely extra-articulai and the blood 
supply to both fragments is maintained A fracture of type 4, or the 
comminuted fracture of the navicular bone, is in all probability best 
treated by primary excision of the entire naviculai bone To leave the 
comminuted and displaced fragments to create abnormal fiiction against 
the surrounding carpal bones and the radius leads to tiaumatic arthritis, 
which is permanent if operation is delayed 

12 Schneck, F Ergebn d Chir u Orthop 23 1, 1930, Zentralbl f Chir 
57 2600, 1930 

13 Watson- Jones, R Bnt J Surg 22 63. 1934 

14 Haldeman, K O , and Soto-Hall, R J Bone &. Joint Surg 16 822, 1934 

15 Hirsch, M Wien med Wchnschr 85 803, 1935 

16 Speed, K J Bone & Joint Surg 17 965, 1935 Surg , Gvnec & Obst 64 9, 
1937 
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OPERATIVE TREATMENT TOR NONUNION OF THE CARPAL 
NAVICULAR BONE 

Exasion of One Fiagment — Piior to ten years ago, the accepted 
foim of theiapy foi nonunion of the caipal navicular bone m most 
clinics was excision of one fragment of the naviculai bone The end 
lesults of such operations left much to be desired 

Exasion of the Entii e Navicular Bone — Certain surgeons have advo- 
cated the removal of the entire bone as treatment for nonunion Hirsch 
reported excellent results in 9 cases following operative removal, with 
perfect return of function of the wrist and no trace of radial deviation 
He advocated early extirpation of the bone befoie tiaumatic aithntis 
in surioundmg bones develops He emphasized the absolute necessity 
of careful lemoval of every fiagment of the bone and the articulai 
cartilage without damage to the surioundmg bones Operative removal 
of the entire naviculai bone, he said, produces just as good results as 
does external fixation and m much less time, an excellent leturn of 
function may be expected m six weeks Guid,^" of Montreal, is another 
advocate of excision of the carpal navicular bone for delayed union or 
for nonunion, he expressed the opinion that it might be an accepted 
method for pi unary treatment of navicular fractures He stated that 
he had never had cause to regret the removal of eithei the navicular or 
the lunate bone, and had been better pleased with the results of this 
form of operation than with those following either conservative treat- 
ment or the use of a bone graft He would emphasize, he said, the fact 
that the operation is not easy and that it should be undertaken only by a 
careful suigeon who knows thoroughly the anatomy of this region 
Bohler,^^ on the other hand, stated 

I have never seen a case in which the usefulness of the hand has returned to 
normal after removal of the navicular bone Kemper has collected 60 cases of 
removal of the navicular and lunate bones , in all of these function of the hand was 
poor In cases operated on early the mobility of the wrist may remain good, but 
the strength of the hand is always weakened 

The only case in our series in which the fracture was treated by 
excision is reported here (fig 13) 

Case 2 — E deB , a man aged 20, was admitted to the hospital in May 1937 
Six months previously he had injured the right wrist while boxing A splint 
applied to the wrist by the local physician was worn for one month The wrist 
continued to be painful Examination on admittance showed marked thickening of 
the wrist in anteroposterior diameter, limitation of flexion, extension, pronation, 
supination and deviation and tenderness to pressure oier the region of the navicular 
bone Roentgenograms revealed rotation and subluxation of the navicular bone 


17 Gurd, F B Personal communication to the author 
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Opetahon — By a dorsoradial approach, the navicular bone was exposed and 
was found rotated so that the proximal radial articular surface ^\as pointing to 
the dorsum There was evidence of an old fracture of this surface, and there were 
traumatic changes on the articular surface of the radius Slight posterior dis- 
placement of the capitate bone on the lunate bone was also usible The nawcular 
bone was excised in toto (fig 13 C and D) The wound was closed in lavers A 
light plaster splint was applied to hold the wrist in slight dorsiflcxion and ulnar 
deviation for three weeks 

End Result — The patient went back to work, and resumed boxing six months 
after the operation Two years after the operation he was reexamined, he con- 



Fig 13 (case 2) — A navicular fractme which was treated by excision A, the 
fiactured hand, shows the rotation of the navicular bone with depression on the 
articular surface of the radius, 5, the opposite (normal) hand, C shows the radial 
aiticular surface of the navicular bone, which W’as subluxated, and the cai tilaginous 
surface, which was compressed from the old injury, D, articular suiface for capitate 
bone, showing no traumatic change 

fessed to some discomfort on the ulnar side of the hand during heavi work 
Examination revealed thickening of the wrist Articular motions w'ere moderately 
restricted in palmar flexion and radial deviation but practically normal in ulnar 
deviation and dorsiflexion The grip of the hand was slightly weakened 

The Method of Di tiling — ^Anothei method of treatment of the 
unumted naviculai bone has been that of dulling, a method wdiich has 
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been advocated chiefly by Beck,^® Speed,’-® Schneck and Stemdler 
Speed recommended delaying the operation of drilling for six or eight 
months if adequate external fixation can be maintained during that time 
The advocates of this method have suggested that in drilling one should 
approach the bone through the tabatieie and, using a yi inch (0 3 cm ) 
dull, should make one or more drill holes across the fracture line into the 
proximal fragment Speed said that he doubted the necessity of any 
graft and recommended following the drilling with plaster fixation of the 
wrist in dorsiflexion and radial deviation 

My experience with drilling has been confined to 3 cases a case in 
which the fracture has united by bone , another in which there has been 
great improvement and there seems to be a strong fibrous union, and a 
third in which the treatment was a failure, because pain persists and there 
is marked limitation of motion 

The Autogenous Bone Giaft — ^The other method of attack on 
delayed union or nonunion of the navicular bone is that of the autogenous 
bone graft The first advocate of this procedure was Adams, who m 
1928 demonstrated a case in which bony union had been established by 
introducing a slot graft from the radius into the navicular bone Others 
who have advocated this method are Murray,®’ Burnett,®® Ethan H 
Smith ®® and Allen ®* This form of treatment has appealed more to my 
colleagues and me than the other forms described, and we have used it 
in the majority of the cases in which we have operated If one con- 
siders the reasons for the frecjuent nonunion of the navicular bone, one 
must think in terms of blood supply and of the free motion thiough 
which the navicular bone normally travels as compared with the other 
carpal bones Therefore, the combination of drilling and the introduc- 
tion of a bone peg offers the best chance of reestablishing blood supply 
and at the same time of securing fixation of the fragments In the early 
cases the graft was placed in a slot on the dorsum of the navicular bone 
across the fracture line Recently it has been inserted through the dull 
hole from the distal to the proximal fragment Objections to the slot 
graft are that it is necessary to expose too much of the dorsum of the 
bone and to interfere with the blood supply to this region, that too 
much bone is sacrificed from the navicular bone, and that fixation with 

18 Beck, cited by Schneck 12 

19 Stemdler, A Surg, Gynec & Obst 58 487, 1934 

20 Adams, J D , and Leonard, R D New England J Med 198 401, 1928 

21 Murray, W G Bnt J Surg 22 63, 1934, Surg, Gynec & Obst 60 540, 
1935 

22 Burnett, J H Surg , Gynec & Obst 60 529, 1935 

23 Smith, EH M Rec 139 655, 1934 

24 Allen, A W Personal communication to the author 
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the slot graft is not as secui c as that with the dowel graft The advan- 
tages of exposing the naviculai bone over the dorsum are that the 
fractuied sui faces of the bone can be freshened, that the fragments can 
be more closely appioximated and that the exact position of the graft 
can be detei mined In one of mv cases in uhich the fracture was treated 
by introducing the giaft ihiough the drill hole, the proximal fragment 
was separated fiom the distal fragment b) the graft and complete bony 
union was not established although the graft did unite with both frag- 
ments (case 15) The likelihood of such a result is a disadvantage of 
the method of introducing the bone giaft thioiigh the drill hole 



Fig 14 — ^Radial approach to the na\icular bone 


Muiiay,^^ of Toronto, advised exposing the iiaMculai bone througb 
a curved incision over the volar and radial aspects of the u rist (fig 14), 
nipping away with a rongeur a small portion of the tubeicle of the 
bone, drilling a large hole through the bone from this point and intro- 
ducing the graft With this method Munay has secured bony union m 
a high percentage of cases Bui nett has also been partial to this 
method, and through it many of his patients have been rendered fr^^ 
of symptoms, though all the fractures have not united by bone 

At the Massachusetts General Hospital, in 16 cases of nonunion of 
the navicular bone tieatment by the bone grafting operation was applied 
End results can be given for only 13 of the cases, for 3, end results 
cannot be given because the operations weie perfoimed too recently The 
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average duration of nonunion in these 16 cases was twenty-three months 
The opeiative technic is as follows (fig 15) A 5 cm longitudinal 
incision is made ovei the dorsum of the wrist midway between the 
ladial styloid process and the doisal ladial piominence The abductor 
polhcis longus and the extensor polhcis brevis tendon he to the radial 
side of the incision The extensor carpi radialis longus, the extensor 
carpi radialis brevis and the abductor polhcis longus tendon ai e retracted 
to the ulnar side The doisal ligament of the wrist is incised in line 
with the incision m the skin The radial articulating suiface of the 
naviculai bone comes into view The ligamentous attachments to the 
gioove of the doisnm of tlie naviculai bone are gentlv leflected with 



Fig IS — Dorsoradial approach to the navicular bone 


sharp dissection until the fracture line is identified The hand is then 
placed m ulnar deviation, and with a small spatula between the radius 
and the navicular bone the proximal fragment is held (fig 16) A 
inch drill hole is started well out on the distal fragment, as near the 
tubercle as possible, and continued across the fracture line ivell into 
the proximal fragment The drill is kept about in line ivith the first 
metacarpal bone, and the -wrist is held m ulnar deviation When the 
graft has been removed from the crest of the tibia it is shaped to fit 
the drill hole and inserted across the fracture line into the proximal 
fragment The protruding portion of the graft is nipped off ivith a 
rongeur and the dorsal ligament is carefully repaired with fine catgut 
or silk The tendons aie allowed to fall into place and the wound is 
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closed A plaster casing similar to that previously described is then 
applied In general, the period of convalescence is the same as that 
for fresh fiactures of the naviculai bone 

There follows a record of each case in which the autogenous bone 
gratt operation has been performed 

REPORT or CASES 

Case 3 — R M , a man aged 36, was admitted to the hospital on Feb 29, 1928 
He had fallen on a dorsiflexed hand one >ear before and had receded no treat 
ment Roentgenograms showed nonunion oi the na\icular bone Operation con 
sisted in application of a slot graft from the radius to the naMCular bone. The 
patient reported one year later that he began working fi\c weeks after the operation, 



Fig 16 Spatula used for holding proximal fragment of navicular bone 


there was no pain and his motions were good Roentgenograms did not show 
complete bony union Examined eight years after the operation, the patient was 
free of symptoms and was working as a railroad car inspector Roentgenograms 
revealed irregularity of the fracture line but no change in the relationship of the 
fragments in various positions of the hand There is probably bony union 

xj f ^ ^ admitted to the hospital on Jan 14, I92S 

He had fallen on an outstretched hand one year and a half before, pam m the 
wrist had continued, and he had received no treatment Roentgenograms showed 
nonunion o t e navicular bone The operation consisted of insertion of a sot 
graft from the radius The patient returned to work in four months Four years 
Hter there was slight limitation of motion in dorsiflexion and palmar fle^® 
Roentgenograms showed the fracture line, and there seemed to be strong 


Case 5 • 




c .1, W admitted to the hospital on March 7, - 

Six months before, he had fallen on the right hand in dorsiflexion and had recened 
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no treatment Roentgenograms showed the old fracture of the right navicular bone 
at the junction of the middle and the outer third The slot graft operation w'as 
performed Postoperative roentgenograms showed one bone fragment in the soft 
parts Three months after the operation the patient worked without apparatus 
One year later he was free of symptoms, with a normal range of motion Roent- 
genograms show'ed deformity of the navicular bone, with apparent union 

Case 6 — L G, a man aged 31, was admitted to the hospital on Jan 16, 1930 
Three months before, in trying to arrest a thief, he had sustained a fracture of 
the right navicular bone Roentgenograms showed nonunion of the navicular bone 
A slot graft from the tibia was inserted In two months the patient discarded all 
apparatus and returned to work Fifteen months after the operation roentgeno- 
grams show'ed union of the bone through one-half its diameter The patient was 
free of sjTuptoms, and his motions were normal 

Case 7 — J C , a man aged 26, was admitted to the hospital on May 29, 1930 
Eighteen months previously he had fallen on an outstretched hand, sustaining a 
fracture of the right navicular bone Roentgenograms showed nonunion The 
operation was an insertion of a tibial graft through a drill hole The patient dis- 
carded the apparatus and returned to work in two months Two and a half years 
later he was working full time, with the function normal and the fracture line 
indistinct The case is not classed as one of definite bony union 

Case 8 — H, a man aged 30, was admitted to the hospital in 1930 Five 
months previously he had fallen on an outstretched hand, sustaining a fracture of 
the right navicular bone Roentgenograms showed nonunion A slot graft from the 
tibia was inserted The patient discarded all apparatus and returned to work si\ 
weeks after the operation Two years later there was bony union The patient 
was working full time at his old job, and function was normal 

Case 9 — M B, a man aged 28, was admitted to the hospital in 1930 He had 
fallen on an outstretched hand four months previously, receiving a fracture of the 
right navicular bone He had been given no treatment Roentgenograms showed 
nonunion A slot graft from the tibia was inserted The patient returned to work 
in six weeks without apparatus He left the country but wrote two years later 
that so far as he could determine his hand was absolutely normal 

Case 10 — P D, a man aged 21, was admitted to the hospital on July 11, 1934 
He had fallen on an outstretched hand nine months previously and had received 
no treatment Roentgenograms showed a fracture of the right nawcular bone at 
the junction of the outer and the middle third A bone graft from the tibia was 
inserted through a drill hole The patient wore a plaster casing for eight weeks 
and a leather wristlet for an additional eight weeks At the end of eight months 
there were still pain and some limitation of motion Roentgenograms showed non- 
union 

Case 11 — K K, a man aged 27, was admitted to the hospital on Feb 17, 1931 
He had fallen on an outstreatched hand sixteen months previously and had recen ed 
no treatment Roentgenograms showed the old fracture of the right navicular bone 
at the junction of the middle and the outer third A bone graft from the tibn 
was countersunk into the navicular bone At the end of four jears the patient 
was working normally without pain His motions were normal Roentgenoirrams 
showed some evidence of union, but it was not solid 
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Case 12 —J P , a man aged 21, was admitted to the hospital in Januarv 1935 
Two months before, he had fallen on an outstretched hand He had reccned no 
treatment There were still pain and weakness of the wrist Roentgenograms 
showed fibrous union A bone graft from the tibia ^^as inserted through a drill 
hole The patient wore a circular plaster for one month and a leather wristlet 
for an additional two months Fi\e months htei roentgenograms showed bonj 
union 



17 (case 13) — Bony union produced by autogenous graft in an eight ye®^ 
old fi acture of the navicular bone A, the wrist eight years after original injurv , 
B, the wrist two years after autogenous graft, showing bony’’ union, although there 
IS still some vacuolation of the fragments 


Case 13 F D , a man aged 27, was admitted to the hospital in September 1935 
He had fallen on an outstretched hand eight years previously and had received no 
treatment Roentgenograms showed nonunion of the navicular bone with cystic 
degeneration A bone graft from the tibia was inserted through a drill hole Two 
years later the patient stated he was working full time in a machine shop m New 
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Jersey There seemed to be "more bone" in the wrist, but it was stronger and 
there was very little pain Motions were about two-thirds normal Roentgenograms 
showed bony union (fig 17) 

Case 14 — W K , a man aged 26, was admitted to the hospital in September 1934 
He had fallen on a dorsiflexed hand six years previously while plajung football 
The wrist had been painful at intervals since the original injury After a second 
fall, one year before admission, the pain increased Roentgenograms showed non- 
union of the naMCular bone A bone graft from the tibia was inserted through a 
drill hole Six months later roentgenograms showed nonunion, with absorption 
of the graft The patient is still wearing a wristlet This case must be listed as 
a failure 

Case IS — R T , a man aged 19, was admitted to the hospital on Feb 24, 1936 
Six months before, the patient had injured his wrist while playing football The 
injury was regarded as a sprain, and roentgenograms showed “no fracture” 
The pain had continued, and three months before admission the patient had been 
given a leather wristlet, which he wore intermittently Roentgenograms showed a 
distinct fracture line with delayed union The wristlet was not helpful Roent- 
genograms on admission showed the old fracture at the junction of the proximal 
and the middle third, with nonunion A bone graft from the tibia was inserted 
through a hole drilled through the distal and the proximal fragment Postoperative 
roentgenograms showed the fragments in good position and the graft in a satis- 
factory position, although the graft extended slightly beyond the proximal portion 
of the navicular bone There was bony union through the region of the graft 
The patient was examined at the end of seventeen months There ivere still 
thickening of the navicular bone and restriction of motion of the wrist to approxi- 
mately two-thirds normal There was occasional pain in the wrist when the patient 
struck a sudden blow Roentgenograms showed union at the site of the graft but 
no evidence of union of the main portion of the fragments 

COMMENT 

One fractuie, that in case 14, was not improved by the operation , m 
this instance there was nonunion of six years Possibly this fracture 
would have been better treated with excision of the entire navicular bone 
In 2 cases, 10 and 15, there was only moderate improvement The 
injured wiists in these 2 cases continued to have fairly marked limitation 
of motion, and pain when the wrist was foiced to the limit of motion 
In case 13 bony union was secured aftei eight years of nonunion In 
another case the patient was free of symptoms and had a normal range 
of motion but the complete fracture line could be seen when the last 
roentgenogi ams weie taken In the remaining 8 cases either partial or 
complete bony union was produced and the patient was relieved as a 
result of the operation 

SUMMARY 

An adequate knowledge of the relationship of the caipal bones is 
necessary for making accurate diagnoses of injuries to these structures 
The importance of early diagnosis and adequate early treatment of carpal 
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naviculai iiijuiies is emphasi7ed Piactically all navicular fractures heal 
if lecognized and treated eaily by prolonged immobilization For frac- 
tures in which nonunion of the navicular bone has developed as a result 
of delayed treatment, the introduction of an autogenous bone graft 
intioduced through a drill hole in the bone followed by prolonged fixation 
in plastei seems to produce the most satisfactory results 



ABERRANT ADRENAL TUMOR OF UPPER 
PART OF ABDOMEN 

REPORT OF A CASE WITH SIX YEAR CURE 

STUART F MacMillan, md 

AND 

JUDSON B GILBERT, MD 

SCHENECTADY, N Y 

The following case is leported because of the unusual location of 
a large ectopic adrenal tumor and its successful surgical removal 
Mention is made of similarly located tumors, and the earl}’' history 
of aberrant adrenal tissue in general is briefly given Much of the 
literature concerning this subject is confusing because of the lack of 
proper classification Frequently no clear distinction is made between 
malignant and benign nodules of adrenal tissue The frankly malig- 
nant tumors of such origin are rare 

REPORT OF CASE 

Chmcal Histoiy — E R, a white married woman aged SI, was admitted to 
Ellis Hospital on March 29, 1933, with the chief complaint of intermittent attacks 
of nausea and vomiting The family history seemed irrelevant except that the 
father had died of carcinoma of the colon at the age of 68 

The illness for which the patient sought relief had begun one year before 
admission, with an attack of nausea and vomiting This attack was followed by 
similar attacks, coming in the beginning about once a month and then increasing 
in frequency The duration of the attacks was short at first, but later in the 
illness they persisted for two or three days The patient complained of a feeling 
of fulness and pressure m the epigastrium but had no pain There was moderate 
constipation, but the stools were of normal color There was slight loss of weight, 
and the appetite was poor In the latter part of the illness the patient became 
aware of a mass m the upper part of the abdomen 

In 1924 roentgen therapy was given for uterine bleeding (2 milhampere hours 
m divided doses), and menses ceased thereafter In 1929 the patient complamed 
of frequency of urination and a bearing-down sensation Repeated urinalyses 
showed the urine normal, and the symptoms were promptly controlled by medication 
Physical Examination — The patient was well developed and fairly ■well 
nourished The skin showed moderate pallor The pulse, temperature and respira- 
tions were normal Examination of the heart and lungs disclosed nothing unusual 
The blood pressure was 140 systolic and 80 diastolic The abdomen was soft and 

From the Surgical Service, Ellis Hospital 
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not distended Tliere wis a freely nio\able firm rounded mass in the upper and 
middle portion of the abdomen, slightlj tender and about the size of a large 
orange The livci and spleen were not palpable, and pcKic and rectal examina 
tions gaae negatne results There a\as no cNidencc of anv sccondara sexual 
changes suggesting xirilism 

A roentgen examination of the stomach and small intestine disclosed no abnor- 
mality except decided iliac stasis The colon showed no filling defects, but there 
was rapid emptying of the cecum The abdominal mass appeared to be outside 
the gastrointestinal tract 

Laboratory Data — Thicc specimens of urine examined before operation were 
fiee of albumin and sugar and contained no red blood cells or leukocjtes V fourth 



specimen examined before operation was likewise free of albumin and sugar but 
contained a few red cells and white cells A blood count revealed hemoglobin 
61 per cent (Newcomer) , red cells, 3,320,000, and white cells, 7,000, wath pob 
morphonuclears 62 per cent, lymphocytes 28 per cent, endothelial leukocytes S 
cent, eosinophils 3 per cent and basophils 2 per cent The red blood cells w'ere 
normal in size and shape The urea nitrogen content of the blood xvas 9 S mg 
and the sugar content 93 7 mg per hundred cubic centimeters The Wassermann 
reaction of the blood xvas negative 

Opeiaftoii and Course — After a preliminary blood transfusion an operation xvas 
performed on April 3, 1933, xvith the patient under spinal anesthesia An upp^v 
right rectus incision disclosed a nodular mass approximately 6 by 10 cm in the 
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omentum just beneath and adherent to the middle of the transverse colon The 
Iner, the pouch of Douglas and the mesenteric lymph glands contained no nodules 
suggesting metastasis The rest of the colon was normal An attempt was made 
to separate the mass in the omentum from the trans\erse colon but had to be 
abandoned because of the danger of spilling the soft contents of the tumor Instead, 
the tumor and the adherent portion of the colon were resected in one piece The 
divided ends of the bowel were inverted and a lateral anastomosis was performed 
The cecum, which w'as very mobile, was then sutured to the peritoneum at the 
lower angle of the wound, a potential cecostomy opening was thus established 
Three days after the operation it w^as necessary to open the cecum with a 
cauterj to relieve distention and vomiting On the fourth postoperative day fluids 



Fig 2 — ^Aberrant adrenal carcinoma (high power) 


were taken by mouth, and the postoperatii e course was uneventful thereafter The 
patient was discharged fifteen days after the operation, wnth the operative wound 
healed and the cecostomy rvound closing rapidlv 

The tumor was an irregular globular mass measuring 6 by 7 by 10 cm Its 
outer surface was nodular, capsulated and covered in part wath small fat lobules 
Several bluish nodules of tissue were seen beneath the serous surface On section 
the mass appeared to be composed mainly of soft yellowish hemorrhagic tissue 
without definite structure A narrow margin of grajish soft translucent tissue 
was found beneath the capsule The piece of attached intestine, 4 5 cm long, was 
without evudence of tumor, and the mucosa was intact Microscopic sections showed 
islands of tumor tissue surrounded by extensn e areas of necrosis The tumor cells 
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were large and somewhat poljgonal and were best preserved about the \ascular 
spaces The cytoplasm was markedly granular or cribriform Nuclei varied 
greatly in size, but the majoritj were large and rather pale, and mitotic figurej 
were present A diagnosis of h} perncphronia (adrenal carcinoma) was made 
The patient has been in good health since operation Repeated physical exam 
inations and urinaljses have failed to show an\ evidence of recurrence 

LITERATURE 

The terminology of ectopic, oi misplaced, adienal rests and of subse- 
quently developing tumor has been a subject of much speculation since 
the work of Chian ^ in 1884 Such tissue has been described by names 
like heterotropic hj pernephroma, aberrant adrenals of Marchand and 
extrarenal hypernephi oma 

The earliest descriptions were by Rokitansk}' - in 1849, by Mar- 
chand ^ in 1878, and by Chian six years later Apparently Chian 
was the first to desciibe malignant transformation of such ectopic tis- 
sue located in the retioperitoneal space Such adrenal rests have been 
described throughout the upper pait of the abdomen, below the dia- 
phragm and in the retroperitoneal space as low as the small pelvis in 
females and the scrotum m males The embryologic development of 
these aberrant adrenal lests was thoroughly described by Broman^ in 
1911 Glynn® added materially to the subject in 1912, and made an 
even fuller study in 1921 

Nicholson ® in 1894 described an ectopic adrenal tumor found at 
autopsy, closely similar to the tumor in the case which we have reported 
The mass measured 1 5 by 0 25 inches and was attached to the trans- 
verse mesocolon, the pancreas lying behind and above and the trans- 
verse colon in fiont Microscopically this tumor proved to be an 
adrenal capsule Evidently this tumor was found accidentally and was 
not malignant 

1 Chian, H Zur Kenntnis der accessonschen Nebenmeren des Mensclien, 
Ztschr f Heilk 5 449-458, 1884 

2 von Rokitansky, C A Manual of Pathological Anatomy, translated by 
E Sieveking, London, Sydenham Society, 1849, vol 2, p 244 

3 Marchand, F Ueber accessorische Nebenmeren im Ligamentum latunii 
Virchows Arch f path Anat 92 11-19, 1883 

4 Broman, I Normale und abnormale Entvvicklung des Menschen, 
baden, J F Bergmann, 1911, p 808 

5 Glynn, E E (o) The Adrenal Cortex, Its Rests and Tumors Its Relation 
to Other Ductless Glands and Especially to Sex, Quart J Med 5 57-192, 1912 > 
(b) A Comparison Between Ovarian “Hypernephroma” and Luteoma and Supra- 
renal Hypernephroma, with Comments on Suprarenal Virilism, J Obst & Gvnaec 
Brit Emp 28 23-68, 1921 

6 Nicholson, B S Abnormal Position of Suprarenal Gland, Brit f 
1 408, 1894 
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Gynecologists, especially Glynn, have described such tumors in the 
small pelvis and the ovary Schitfmann m 1926 ’’ and in 1930 ® reported 
tumors arising m the female pelvis, the second of which invaded the 
mesentery He described the case of a 78 year old woman who com- 
plained of abdominal pain of two weeks’ duration A tumoi the size 
of a head filled the right side of the pelvis and displaced a small uterus 
to the left lower quadiant of the abdomen A diagnosis of intraliga- 
mentary tumor was made Opeiation disclosed a retiopeiitoneal tumor 
11 by 12 by 16 cm , the upper pole of which protruded into the mesen- 
teric root of the cecum The patient died three days later of cardiac 
insufficiency, and necropsy levealed a hypernephroid tumor of the 
lower pole of the left kidney which infiltrated the renal vein The 
foregoing case illustrates a fairly frequent condition in which the 
secondary tumor is obvious and the seemingly primal y tumor obscure 
It is of interest that the uppei pole of the pelvic tumor invaded the 
mesentery of the large bowel 

An unusual case of adienal virilism was desciibed by Kolodny® 
m 1934 A 37 year old woman noted a mass in the left epigastrium 
about twelve months before examination The tumoi grew rapidly 
and was associated with digestive difficulty Menstruation had ceased 
about eight months before discovery of the tumor Examination dis- 
closed a rather obese woman with coarse voice and features and with 
rough, red skin The distribution of the suprapubic hair was of defi- 
nitely vertical (male) type The clitoris was twice the normal size A 
tumor the size of a child’s head was located in the left side of the 
epigastrium Operation disclosed the tumor adherent to the abdominal 
wall, with the transverse colon tightly stretched over the inferior and 
the posterior aspect The tumor, which weighed 1,250 Gm , was located 
between the leaves of the transverse mesocolon in the region of the 
solar plexus The tumor was lemoved, and because of invasion of the 
stomach a Billroth I resection was necessary The sexual changes 
retrogressed after operation Six months after operation roentgeno- 
grams of the chest disclosed pulmonary metastasis, and one month 
later, or seven months after the operation, the patient died 

SUMMARY 

An unusual case of aberrant adrenal tumor in the upper part of 
the abdomen of a 51 year old woman which was successfully removed 
over SIX yeais ago is reported 

7 Schifltmann, J , and Szaniek, L Em hypernephroides Sarkom im kleinen 
Becken, Arch f Gynak 127 194-207, 1926 

8 Schiffmann, J Hypernephroides Sarkom im Beckenbindegew ebe , hjper- 
nephroides Sarkom der Niere, Arch f Grmak 144 685-702, 1930 

9 Kolodny, A Suprarenal Vinhsm in a Woman Tumor of an E\trarenal 
Suprarenal Rest, JAMA 102 925-926 (March 24) 1934 
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Thiee cases aie cited from the liteiatuie in winch invasion of the 
mesenteiy occuiied, in 2 of which cases the tumoi nas located in the 
uppei pait of the abdomen 

Note — Attention should be called to the lecent excellent article of 
Nelson 

Dr Chailes G McAIiilIen permitted us to report the case, and Dr Ellis Kellert 
supplied the photomicrograplis 

10 Nelson, A A \ccessory Adrenal Cortical Tissue, Arch Path 27 955 96 j 
(J une) 1939 
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The factors which influence the prognosis of caicinoma of the rectum 
and of the lectosigmoid in persons 30 years of age and less aie multiple, 
although at present the most satisfactoi)'^ indicatois are the ability of the 
patient to withstand the effects of surgical lemoval of the lesion and 
the presence oi absence of metastasis The latter factor closely parallels 
the grade of the tumor as classified by Brodeis ^ The clinical observa- 
tions, the age and the sex of the patient and the lectal and proctoscopic 
observations, as well as the observations made at the time of surgical 
exploration, all must be correlated before the future health of a patient 
can be determined with any appioximation of accuracy 

The present paper is a review of 116 cases of caicmoma of the 
rectum and of the rectosigmoid in which persons 30 years of age and 
less were involved The patients were examined at the Mayo Clinic 
between the years 1910 and 1933, inclusive Although the number of 
instances of this type of lesion seen annually since 1933 has increased, it 
was necessary for the purposes of this study to exclude all cases recorded 
at the clinic aftei 1933 so that a five year survival rate might be deter- 
mined It IS of interest to notice that 3 4 per cent of the patients with 
carcinoma of the rectum and rectosigmoid who weie treated at the 
Mayo Clinic between the yeais 1910 and 1933 inclusive were 30 years 
of age or younger Phillips and Walters - recently reviewed the cases of 
carcinoma of the stomach at the Mayo Clinic in ivhich the patients were 
30 years of age oi younger and found this group to constitute 2 4 per 
cent of the total number of patients with carcinoma of this organ 

In computing the statistics concerning patients who were operated 
on, we did not include in our calculations any patient who had not been 
traced for a period considered by us to be sufficient for the estimation 

From the Division of Surgerj, the Mayo Clinic 

1 Broders, A C The Grading of Carcinoma, lilmnesota Med 8 726-730 
(Dec) 1925 

2 Phillips, R B , and W'alters, W Personal communication to the authors 
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of legitimate suivival rates Of the cases in \\liich death occurred m the 
hospital and in which death was designated as “opcratn e” or “hospital ” 
none ^^as included in computing the survnal rate 

The part that clinical obsen'ations play m determining the curabilih 
of a lesion is not great, but hen on rectal and proctoscopic examination 
a carcinoma has been found the prognosis depends on the operabiht} ot 
the lesion, which, in turn, depends on the grade of the lesion and the 
general condition of the patient Age is another factor \\lnch influences 
the prognosis Although the lesions of the }oung persons in our senes 
were found to be of a higher grade than is usual among older patients, 
we did not find justification for the hopeless outlook taken by some 
authors for this group of patients Young patients, as a rule, withstand 
surgical procedures well Because of this, the percentage of loung 
patients uho are acceptable for radical operatne procedures is greater 
than that of older patients who are acceptable for the same procedures 
In 56 pel cent of the cases studied, some form of resection of the lesion 
had been performed as a curatne procedure and not for palliation 

It IS generally believed that the operatn e risk accompam ing resection 
of the rectum is less among females than among males, largel} because 
the width of the female pelvis is greater than that of a male, a fact vliich 
renders mobilization of the female rectum easier and, in consequence, 
lessens the risk of sepsis In this study, all patients m whom antenor 
resection of rectal lesions was undertaken were women This accounts 
in a large measure for the higher operative mortality rate among w omen 
The numbers of patients of the two sexes w'ere about equal, 51 per cent 
of the patients being males and 49 per cent being females Nineti per 
cent of the “hospital deaths” in the group of cases in which resection 
wms performed occurred among w’^omen 

Rectal and proctoscopic examinations made diagnosis possible m 
100 per cent of the cases in this stud)^ In addition to permitting a diag- 
nosis of carcinoma, examinations enabled other factors to be learned 
which aided in formulating a prognosis As a rule, the smaller, the more 
protuberant and the more movable the lesion, the more likely it is that 
satisfactory and complete resection may be performed, although Gilchrist 
and David,® after analysis of 22 specimens, concluded that the size of the 
tumor IS of little value in determining the presence or absence of 
metastasis to lymph nodes Tumors wdiich are questionably operable 
because of their size may not involve Ijmph nodes, and, conversel)) 
small tumors may show extensive involvement of lymph nodes There 
is one type of carcinoma of the rectum Avhich is recognizable grossl) 
and wdiich usually is of a low'^ grade of malignanc)^ and unlikel) to 

3 Gilchrist, R K , and David, V C Lymphatic Spread of Carcinoma of 
the Rectum, Ann Surg 108 621-642 (Oct ) 1938 
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metastasize, this is the “papilhferous carcinoma,” classed as the type 
of growth which protrudes into the lumen of the rectum The afore- 
mentioned qualities characterizing this lesion were found to be present 
among those patients m our senes who had the lesion and are also 
observations which have been noted by Dukes,^ McVay ® and Hayes ® 
Lesions situated anteriorly m the rectum, particularly perforating lesions, 
have a poorer prognosis than have similar lesions situated on the 
posterior rectal wall, for the reason that such anterior lesions commonly 
involve other viscera Removal of lesions of the anterior rectal wall 
entails added risk Gilchiist and David found more lesions with 
metastasis among those situated on the mesenteric border of the bowel 
than among those arising on the antimesenteric border Westhues has 
pointed out that fixation to the sacrum or to the prostate gland is caused 
more often by inflammatory reaction than by the caicinoma itself, and 
his conclusion should be considered before a tumor with such fixation 
IS called “inoperable ” 

The situation of the tumor is of importance from the standpoint of 
prognosis, because of the difference caused by it in the time of appear- 
ance of symptoms, the grade of the tumoi and the channels by means 
of which metastasis occurs Tumors situated near the external anal 
orifice usually are epithehomatous and for the most part follow the 
lymphatic vessels which dram toward the inguinal glands When these 
are involved, the lesion is rendered inopeiable by anything other than a 
palliative procedure Low-lymg lesions may have high metastases, as 
has been shown by Gilchrist and David, and such metastases usually 
follow the lymphatic chain along the superior hemorrhoidal artery 
Because of this, high ligation of the artery and the accompanying 
lymphatic vessels should be carried out when possible When the lesion 
IS situated m the lower or the middle third of the rectum, a sufficiently 
accurate estimate of its mobility can be made by the examining finger 
When the lesion is situated higher than the aforementioned structures, 
particularly when it is in the rectosigmoid region, the accuracy of 
determining its operability is practically ml 

The advisability of attempting to determine the degree of fixation 
and situation of the lesion by manual and proctoscopic examination has 
been questioned, and justifiably so Rectosigmoid growths often 

4 Dukes, C E The Classification of Cancer of the Rectum, J Path & 
Pact 35 323-332, 1932 

5 McVay, J R Involvement of the Lymph-Nodes in Carcinoma of the 
Rectum, Ann Surg 76 755-767 (Dec ) 1922 

6 Hayes, J M The InAohement of the Lymph Glands m Caranoma of the 
Large Intestine, Minnesota Med 4 653-663 (Nov ) 1921 

7 Westhues, H Die pathologisch-anatomischen Grundlagen der Chirurgie 
des Rektumkarzinoms, Leipzig, Georg Thieme, 1934 
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telescope themselves into the 1oa\ci pait of the rectum and ph}sicall) 
appeal to be fixed, but on exploiation the lesion will be foiiiid to be 
fieely movable and situated at a much higher level In the present 
study, 28 per cent of the icsectecl lesions had been described as “fi\ed” 
on proctoscopic and manual examination, 34 per cent had been recorded 
as being attached oi having limited motion and 38 pei cent had been 
recorded as ficely movable Among )oungcr persons as veil as the 
older group, lesions situated high in the rectum or rectosigmoid had a 
pooiei prognosis from the standpoint of operability, because they iisuall} 
lequned some type of combined abdominoperineal resection or anterior 
resection, both of which pioceduies carry a higher operative risk than 
does posterior resection In addition to the higher operative mortaliti 
m cases of high-lying tumors, the duiation of life in these instances aho 
was decreased The aveiage duialion of life in cases m which resection 
w'as pel formed foi lesions of giade 2 or grade 3 situated in the upper 
thud of the rectum or in the rectosigmoid was three and t\\o-tentlb 
years The aveiage duiation of life in a similar group of cases m whidi 
the lesions were situated in the lower thud of the rectum was fiie and 
eight-tenths years In neither gioup w'Cie deaths in the hospital included 
m the calculations 

The prognosis based on exploratory lapaiotomj w'as, generalh speak- 
ing, more nearly accurate than that based on clinical examination and 
proctoscopic observations This increase in accuracy w'as most note- 
worthy 111 cases of high-lying lesions, paiticulaily in patients having a 
small pelvis The mobilit)’’ of the tumoi, the presence or absence of 
regional and visceial metastasis and the presence of free fluid ni the 
abdomen all provide valuable infoimation as to operability of the lesion 

Although gloss examination of the lymph nodes at the time of 
exploration may be used as a lough guide to operability, it should not be 
the determining factor as to whether a cm ative or a palliative procedure 
should be perfoimed Some of the largest glands removed at the tinie 
of exploration were found on histologic examination to be inflaminaton 
Gabriel, Dukes and Bussey,® on examining 1,242 l}mph nodes, i^de a 
study as to the accuracy of gross examination of the nodes Of 1.21- 
nodes, the appearance of 905 was considered on the basis of gioss char- 
actenstics to be normal, but subsequent microscopic examination showed 
18 to contain metastasis, an eiroi of 2 per cent Of 337 nodes of which 
the appearance was judged to indicate malignant involvement on tlie 
basis of gross characteristics, metastasis was present m only 132 an 
error for 265, or 61 per cent, of the total number of nodes The 
commonest error in our cases was that of presuming nodes to be 

8 Gabriel, W B , Dukes, C , and Bussey, H J R Lymphatic Spread i" 
Cancer of the Rectum, Brit J Surg 23 39S-413 (Oct ) 1935 
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involved by metastasis when in leality the enlargement was due to 
inflammatory involvement Although the piognosis when involvement 
of the nodes is present is, as a rule, poorer than when it is absent, oui 
study showed that a certain proportion of patients do survive the five 
year period and that, although a moie radical operation may be neces- 
saiy, something more than a palliative procedure should be instituted 
Of the patients for whom resection was performed, 62 per cent were 
found by histologic examination to have nodular involvement Brown 
and Warren ® found the lymph nodes to be disappointing indicators as 
to piognosis for carcinoma of the rectum, because visceral metastasis 
often occurs independently of neoplastic lymph nodes It would appear 
that local growth often provides a clue as to the possibility of visceial 
metastasis, since evidence of invasion of the blood vessels was noted on 
histologic examination of several of oui patients It is well to remember, 
however, that many such instances weie encountered m which no evi- 
dence of visceral metastasis was noted Warren and Gates have 
shoun experimentally that only a small pioportion of tumor cells 
entering the blood stream become manifest as visceral metastasis 
Clute and Warren have shown the same thing concerning the thyroid 
gland, in which intravascular invasion of a malignant lesion frequently 
IS noted but in which distant metastasis rarely is seen 

PROGNOSIS BASED ON PATHOLOGIC INVESTIGATION 

Carcinoma of the rectum may be subdivided into numerous gioss 
foims, such as polypoid carcinoma and mucoid papillary carcinoma, but 
this IS often misleading Broders stated that such a classification is 
unnecessary and confusing and chose to classify the forms under the 
general term “adenocarcinoma ” 

The tumors of this senes were graded as suggested by Bioders 
because the value of this method of grading has been demonstrated on 
numerous occasions (table 1) 

Of the patients with grade 1 carcinoma subjected to some form of 
cuiative operation, 75 per cent survived the five year penod There 
was a decrease of 28 per cent for the next grade, and only 10 per cent 
of the pateints with grade 3 tumors suivived the five year period As 
the grade of malignancy increased, the percentage of five year cures 
decreased 

9 Brown, C E, and Warren, S Visceral Metastasis from Rectal Carci- 
noma, Surg, Gj’nec &. Obst 66 611-621 (March) 1938 

10 Warren, S, and Gates, O The Fate of Intra\enoush Injected Tumor 
Cells, Am J Cancer 27 485-492 (Juh) 1936 

11 Qute, H M, and Warren, S Cancer of the Thjroid Gland, Am J 
Cancer 15 2563-2582 (Oct ) 1931 

12 Broders, A. C , cited b\ Buie p 378 
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The data in table 2 are in agreement \vitli tliose of other reports'* 
which support the contention that caicinoma in young persons is iisualU 
of a higher grade than in older peisons We encountered 1 case at the 
clinic, however, in which a child 23^2 3 ears of age had a large bleeding 
polyp situated in the upper thud of the lectum This pol}p vas found 
to be an adenocaicinoma of grade 1 The lesion ^\as fulgurated, and 
the patient was living and well nine }cars later (table 2) 


Table 1 — Cases m Which Of’cialtons jot Cure Were Perjormed Grades oj 
Tumors, Percentages oj Cases in Each Grade and Percentage oj fne 

J eat Stir: tzals 


Grade (Broders) 

Pcrccntsco of Cnses 

PcrccntaKC of Survival 

1 

12.0 

75 

2 

500 

47 

3 

COO 

10 

4 

71 

« 


* One patient lived flltcen jears 'llie other patients died within an ntcracc of eicht 
months alter the operation Cn'cs of “oporntite death ' or death In the hospital are nor 
included 


Table 2 — Grades oj Lesions and Percentage oj Cases oj Each vi a Total Group 
oj 116 Cases oj Carcinoma oj the Rectum and Rectosigmoid in 
Patients Undci 30 3 cais oj Age 


Grade (Broders) 


Pereentace 


1 

2 

3 

4 


117 
4G 7 
26 6 
15 0 


Table 3 — Grades oj Tumor 2/23 Cases oj Caicinoma oj the Rectum 
m Persons oj All Age Groups * 


Grade (Broders) 

1 

2 

3 

4 


Perccntace of Ca'es 
45 
89 
15 
1 


* As studied by X, A Buie 

Table 3 represents the findings of Buie,'^'* who reviewed 2,713 cases 
of carcinoma of the rectum involving patients of all ages , carcinoma bad 

13 Brindley, G V Carcinoma of the Rectum Factors Affecting Its Cure, 
JAMA 108 37-43 (Jan 2) 1937 Shedden, W M Carcinoma of the Re^ui 
and Sigmoid with Particular Reference to the Pisease as Seen in Youth, Ne" 
England J Med 209 528-S39 (Sept ) 1933 Fowler, L H Malignant Epi 
thehal Neoplasms, Carcinoma and Epithelioma, Occurring in Persons Gnaet 
Twenty-Six Years of Age, Surg, Gynec &. Obst 43 73-84 (July) 1926 

14 Buie, L A Practical Proctology, Philadelphia, W B Saunders Com 
pany, 1937 
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been diagnosed on proctoscopic examination and had been confirmed by 
histologic means It will be noted that a greater percentage of high 
grade tumors occurs m patients under 30 years of age than m older 
patients By comparing tables 2 and 3, one sees that among persons 
less than 30 years of age a greater percentage of the lesions are of 
grades 2 and 3, whereas m the group which includes all ages, represented 
in table 3, a greater percentage of the lesions are of grades 1 and 2 than 
of the other two grades 

The type of surgical procedure employed not only affects the imme- 
diate mortality (hospital mortaht}'^) but in a measure determines the 
curability of the patient The type of operation to be employed rests 
on an analysis of a number of factors, namely, the age of the patient, 
the situation and grade of the lesion, the duration of symptoms and the 
general condition of the patient A young patient is fortunate fiom 
every standpoint if the lesion is situated low in the rectum In the 
analysis of the present seiies of cases, patients with lesions situated low 
in the rectum for which some foim of postenor resection was performed 
were found to have an average postoperative life of five and eight-tenths 
years, with an operative mortality of only 2 7 per cent The combined 
operative mortality for the entire group of patients treated by resection 
was 12 3 per cent 

SOMSrARY AND CONCLUSIONS 

A series of 116 cases of caicinoma of the rectum and of the recto- 
sigmoid in persons 30 years of age and less, observed fiom 1910 to 
1933 inclusive, was studied 

Lesions situated high in the rectum or rectosigmoid have a poorer 
prognosis from the standpoint of operability as well as from the stand- 
point of duration of life 

The prognosis based on exploratory laparotomy is superior to that 
based on clinical examination 

The grade of the tumor as determined by Broders’ classification 
and the presence or absence of local or visceral metastasis are the most 
important aids in establishing an accurate prognosis The incidence of 
visceral and local metastases closel)’^ parallels the grade of the original 
lesion 


ANKLE FUSION FOR CORRECTION OF PARALYTIC 
DROP FOOT AND CALCANEUS DEFORMITIES 

BYRON B KING, M D 

Nnw 'iOKK 

Recent lepoits have been published concerning the treatment ol 
paialytic drop foot b}' means of jxistcrior bone block operations Admit 
tedly, an appreciable peiccntage of unsatisfactory results has followed 
the use of this pioceduie^ Posterior bone block for paraljtic drop 
foot was tried at the New York Orthopaedic Dispensary and Hospital, 
but the results were not satisfactoiy Accordingly, the procedure was 
abandoned Ankle fusion was adopted and has been used extensneh 
for both drop foot and calcaneus defoimitics 

During the fire yeai peiiod from 1934 to 1938 inclusive 106 ankle 
fusions were done m this hospital for the correction of paralytic 
deformities resulting fiom anterior poliomyelitis Ankle fusion was 
done in 72 instances to correct drop foot deformity and in 34 instances 
to correct calcaneus deformity The patients ha\e been observed from 
year to y'ear m the follow-up clinic, and the end results haie been 
gratifying 

DROP rooT 

Among the 72 patients in whom ankle fusion nas done to correct 
diop foot deformity', there were 52 females and 19 males Their ages at 
operation ranged fiom 8 to 39 y'ears, the majority being in the second 
decade In 66 instances a subtalar triple arthrodesis had been done 
previously because of concuirent lateral instability of the foot caused 
by varus or valgus deformity The involved extremities presented from 
/4 to 2^2 inches (0 64 to 62 cm ) of shortening, in 3 instances tbe 
leg was inch (0 64 cm ) longer than its fellow 

Twenty-three patients with a paralytic drop foot also had an unstable 
knee because of partial or complete paraly'sis of the quadriceps femoris 
muscle After ankle fusion with the foot in the proper degree ot 
equinus, 19 of the 23 knees were stabilized so that no external suppod 
(in the form of the hand held over the knee or a long leg brace) ivas 
necessary Two of the 4 patients in whom the knee was not stabilize 
after ankle fusion presented marked relaxation and recurvation at tbe 
involved knee and will require knee fusion for stabilization lu 3 ease 

Annie C Kane Fellow, New York Orthopaedic Dispensary and Hospital 
1 Carrell, W B , and Childress, H M Posterior Bone Block m Talipe^ 
Equinus Some Factors Determining the End-Results. South M J 32 S28 (Mayt 
1939 
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Fig 2 — A, anteroposterior -view and B, lateral mow of the ankle shown in figure 
1, twelve weeks after ankle fusion The ankle was solidh fused at 99 degrees of 
dorsiflevion 
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of drop foot with associated instability of the knee, it is wise to make 
a preoperative decision whether ankle fusion will successfully stabilize 
the knee, this is true also of an instability of the knee associated with 
calcaneus To determine this, a short leg plaster walking cast is 
applied with the foot in appioximately 10 degrees of equinus If this 
renders the knee stable, fusion of the ankle in the proper degree of 
equinus will do likewise 

The amount of equinus was measured on the lateral roentgenogram 
by the intersection of a line drawn parallel to the long axis of the tibia 
and another line drawn from the plantai surface of the first metatarsal 
head to the plantar surface of the os calcis Ten ankles were fused at 
92 to 95 degrees of doisiflexion, 29 at 95 to 100 degrees, 22 at 100 to 
105 degrees, 10 at 105 to 110 degiees and 1 at 112 degrees 

In 62 of the 72 cases the end results weie considered good In 1 
the ankle was fused in too much equinus (112 degrees of dorsiflexion), 
and in another, in not enough equinus (92 degrees of dorsiflexion) 
In 2 cases there was need of a subtalai triple arthrodesis because of 
“fore foot diop” and lateral instability In 2 cases a revision of the 
existing subtalar triple arthrodesis was needed Four patients were 
relieved of the drop foot deformity but continued to have an unstable 
knee 

CALCANEUS DEFORMITY 

Theie were 34 cases of ankle fusion to correct calcaneus deformity 
Twenty-two of the patients were males and 12 were females Their 
ages at operation ranged from 8 to 44 years, the majority being in the 
second or third decade In 31 patients of this group a subtalar triple 
arthrodesis had been previously done because of lateral instability or 
cavus deformity of the foot The involved extremities presented from 
^ to 3j4 inches (12 to 8 2 cm ) of actual shortening, in 1 instance 
the leg was ^ inch ( 1 9 cm ) longer than its fellow 

Nine patients with a paralytic calcaneus deformity also had an 
unstable knee In 8 of these the knee was stabilized by ankle fusion 
In 7 instances the ankles were fused at 90 to 95 degrees of dorsiflexion, 
in 17 at 95 to 100 degrees and in 10 at 100 to 105 degrees 

Of these 34 cases, the end results in 23 were considered good lu 
8 the ankles were fused in not enough equinus (90, 90, 92, 94, 95, 98, 
99 and 99 degrees of dorsiflexion) In 2 cases a subtalar triple arthro- 
desis was needed because of cavovalgus deformity of the foot One 
patient was relieved of the calcaneus deformity but continued to have 
an unstable knee 

OPERATIVE PROCEDURE AND POSTOPERATIVE CARE 

The anterior approach is used for arthrodesis of the ankle 
intra-artKular fusion is done, tibial bone chips being used to promote 
osteogenesis Care is taken to avoid exposure of or injury to the lower 
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Fig 3 — Preoperative lateral view of a drop foot deformity (with associated 
instability of the knee) due to anterior poliomyelitis 



Fig 4 — A, anteroposterior \iew and B, lateral \iew of the ankle shown in 
figure 3, nineteen months after ankle fusion (preceded bj subtalar triple arthro- 
desis ) The ankle was solidly fused at 102 degrees of dorsiflexion The knee was 
stable The lower tibial and fibular epiplnsial lines were still open 



94 


ARCHIVES or SURGERY 


tibial epiphysial cartilage The technic of the operatne procedure has 
been recently desciibed by Liebolt" 

A long leg plaster cast is applied with the foot in the estimated 
proper degree of equinus Care must be taken to see that the front 
part of the foot is in the maximum degree of dorsiflexion on the rear 
part, as this is its weight-bearing position Postoperative roentgeno- 
grams will determine the degree of equinus If it is too great or too 
little it can be corrected by w'edgmg the cast Theoreticall) , it is better 
to err in the direction of too much equinus, since w^edging into more 
dorsiflexion will serve to occlude the joint space further (Of the 106 
cases, postoperative wedging w-as done m 27 All 27 ankles w ent on to 
solid bony union in the usual time, and m no case did delajed union 
result from the postoperative w'edging ) At the end of six w'ceks, 
weight bearing m a shoit walking cast is allow’cd At the end of another 
six weeks the cast is lemoved and the solidity of the fusion is checked 
wnth roentgenogianis The shoe can then be adjusted if necessarj 
Lifts in the heel oi in the heel and sole can compensate for any shorten- 
ing of the extremit}'’ and for the equinus of the foot If the ankle has 
been fused in too little equinus and there is associated instability of 
the knee, a raetataisal bar on the sole of the shoe is of benefit 

Of the 106 cases in which opeiation w'as done, solid arthrodesis was 
obtained m 102 In 92 the ankles w'ere solidly fused at the end of 
twelve weeks, in 10, additional peiiods of one to eight w'eeks wore 
required before solid bony ankylosis resulted Four ankles (3 di op-foot 
deformities and 1 calcaneus defoimity) failed to fuse solidly, an inci- 
dence of 4 pel cent of pseudarthroses All four subsequent!) w'OJ’® 
solidly arthrodesed by a second opeiation Only one ankle fusion w'as 
revised The ankle was solidly fused but wms leoperated on in order 
to obtain more equinus, which was needed to stabilize the knee 

PROPER DEGREE OF EQUINUS 

The success of the proceduie depends largely on arthrodesing the 
ankle in the proper degree of equinus Factors to be taken into con- 
sideration are 

1 Sex of the patient Women’s high-heeled shoes require more 
equinus than do men’s low-heeled ones 

2 Degree of shortening of the involved extremity, if any 

3 Presence or absence of associated instability of the knee 

An excellent way to deteimine before operation the degree of equm^^ 
desired is to take a lateral roentgenogram with the patient standing 
while wearing a shoe with the heel height of his or her choice This 

2 Liebolt, F L Pantalar Arthrodesis in Poliomyelitis, Surgery 6 31 (Jnbl 
1939 
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Fig 5 — Preoperative lateral view of a foot and ankle with a calcaneus 
deformity (with associated instability of the knee) due to anterior poliomj'ehtis 
A subtalar triple arthrodesis had been performed preMousU 



Fig 6 — A, lateral Mew and B, anteroposterior mcw of the ankle shown in figure 
5, twche weeks after ankle fusion The ankle was sohdK fu'ed at 98 degree-- of 
dorsi flexion The knee was stable 
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applies to simple drop foot or calcaneus defoimity The plaster equinus 
boot test IS more accurate \\ hen there is an unstable knee , the lateral 
roentgenogi am of the foot and ankle in the equinus boot gives tlie 
desired degiee of equinus 

In geneial, it is felt that the best functional position is 5 to 10 
degiees of equinus for men and 10 to 15 degrees for ^\omcn 

COMM LNT 

Ankle fusion foi the collection of drop foot oi calcaneus deforiniti 
IS mechanically sound and is relatiicly simiile tcchnicalh In this series 
of 106 cases theie was no distuibance of growth, nor should there be 
any such distuibance with proper opciatne caie Arthrodesis of the 
ankle joint does not impair normal function of the cxtreiniti If the 
ankle has been fused in the piopei degree of equinus, it is often diffi- 
cult 01 impossible to say wdiich ankle has been arthrodesed by simply 
watching a patient wmlk and observing his gait Any noticeable limp 
IS usually due to concuiient muscular imbalance or to inequality m the 
length of the legs It is true that aftei ankle fusion a patient’s ga>l 
is usually pooiei without shoes than wnth shoes on How'ever, the 
excellence of his gait with his shoes on moie than offsets this dis- 
advantage 

If a subtalar tuple aithiodesis is to also be done, it should be done 
first, then, with the subsequent ankle fusion, the foot can be more 
accurately aimed with the leg to obtain the optimum degree of desired 
equinus 

SUMMARY 

One hundred and six ankle fusions w'eie done in a five year period 
(1934 to 1938 inclusive) on patients wnth residual anterior polio 
myelitis at the New York Oithopaedic Dispensary and Hospital O 
these, 72 weie done for paralytic drop foot and 34 for paralyi;ic calcaneus 
deformities The patients have been carefully follow'ed, the follow'-np 
period ranging from seven months to five and one-half years In ° 
cases (80 per cent) the end lesult was good In 10 (9 per cent) the 
end result was only fair, there being either too much or too little eqUinUS 
In 5 (5 per cent) the end result was good so fai as the ankle wms con- 
cerned but an associated unstable knee wms not rendered stable ^ 
6 (per cent) the end lesult Avas good so far as the ankle Avas con 
cerned but an associated lateral instability of the foot needed further 
operative stabilization of the subtalar and midtarsal joints In no case 
Avere the results considered poor Of 32 unstable knees, 27 (84 
cent) Avere stabilized by ankle fusion There was no resulting mtei"' 

3 Turner, H Deformities of Foot Associated with Arthrodesis of 
Joint Performed in Early Childhood, J Bone & Joint Surg 16 423 (April) 19 
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ference with growth in any case Functional use of the involved extrem- 
ity was improved in all cases In 4 cases (4 per cent) pseudarthrosis 
developed, but in all 4 the joint became solidly arthrodesed after 
refusion 

CONCLUSION 

Ankle fusion is a satisfactoiy method of treating drop foot and 
calcaneus deformities regardless of the cause It results in freedom 
from disabilitjr caused by deformitj'^, pain or instability In a fused 
ankle there is no pain, bony impingement or swelling such as occurs 
at times after bone block opeiations The operative procedure is 
relatively simple m contrast to such methods as the Lambnnudi opeia- 
tion ^ and its modifications An additional advantage is that associated 
instability of the knee can often be conected by ankle fusion The 
end results are uniformly satisfactory as indicated by this five jear 
study of 106 cases 

It is important to avoid injuiy to the epiphysial cartilages of the 
distal ends of the tibia and fibula if they are still piesent The end 
lesult IS determined by the degree of equinus obtained Five degrees 
to 10 degrees of equinus for males, and 10 to 15 degiees of equinus 
for females is in general satisfactoiy 

4 Lambnnudi, C New Operation on Drop-Foot, Bnt J Surg 15 193 (Oct ) 
1927 
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Hayden, Wenner and Rucker ® have reported hyperplasia of tlie thyroid 
occurring in white rats on a diet deficient in iodine An analysis of the 
goitrogenic diets used by these authors reveals, however, that they 
contained, without exception, an abundance of calcium 

Since my first successful attempts to produce goiter in white rats 
with calcium, the studies of Hibbard,® Thompson * and Stiner have 
brought up new questions Hibbard ® produced hyperplasia of the 
thyroid by giving calcium chloride, while calcium lactate was without 
effect He therefore expressed the opinion that the chlorine ion rather 
than the calcium ion is responsible for the development of goiter 
Thompson^ found that the thyroids of rats fed a goitrogenic diet for 
longer than three months underwent secondary atrophy At the first 
International Goiter Conference, Stmer stated that lack of vitamins 
IS an important factor in the etiolog}' of goiter 

It seemed advisable to repeat my experimental studies under condi- 
tions which would take into consideration the three questions which 
arose from the work of Hibbard,® Thompson ^ and Stiner 1 Is 
calcium carbonate as effective m producing hyperplasia of the thyroid 
as calcium chloride? 2 Does a prolonged experimental feeding reduce 
the size of the thyroid ? 3 Does addition of vitamins to the goitrogenic 
diet prevent goiter? 

EXPERIMENTAL D\TA 

The recent experiments were begun on Sept 12, 1938, with 40 male white 
rats All the animals w'ere of the same age, 16 weeks, and approximately of the 
same weight They were housed in lots of 10 in Dormer cages which had floors 
of mesh wire In order to maintain the utmost cleanliness no hay or other 
material was used for bedding The cages were kept in a well lighted room 
at a constant temperature of 20 C to pre\ ent any effect on the th\ roid of darkness 
or low temperature The experimental diet for each animal consisted of jellow 
corn meal (7 Gm), rolled oats (2 Gm ), calcium carbonate (0 3 Gm), sodium 
chloride (01 Gm ) and tomato juice (1 cc ) Ten animals (senes 1) received 
this diet with pure drinking water Thirtj animals (series 2) were given the 
same food, but as drinking water they were given a 2 to 10,000,000 solution of 
potassium iodide This corresponded to a daily intake of 2 micrograms of potas- 
sium iodide for each animal Groups of experimental animals were killed with 
chloroform tliree, five and eight months after the beginning of the feeding 
The thyroids were dissected immediately after death, measured and at once 
preserv ed in a 10 per cent concentration of solution of formaldehv de U S P -Mter 
embedding m paraffin, the cervical organs were cut in horirontal plane, and the 
sections tint included the isthmus and both lobes of the thvroid were selected for 
microscopic studv 

9 Havden, E M , Wenner, W T , and Rucker, C W Production oi Goiter 
in Rats bv Restricted Iodine Feeding, Proc Soc. Exper Biol iS. kfed 21 5-6 1^24 
10 Stiner, O Zur Verbreitung dcs endcmischcn Kropfes in der Schv cir in 
Compte rendu Conference Internationale du Goitre, Berne, Hans Hube-, 1923, 
P 403 
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Fig 1 — Diffuse parenchymatous goiter produced in a white rat by a diet 
high in calcium and low in iodine 



I'lg 2 — Diffu‘:c colloid goiter produced in a white rat i diet high in calcium 
and ten times the iiornnl requirement of iodine 
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blown The diametei of the central acini varied between 80 and 120 
microns Many wide acini were observed throughout the gland Solid 
01 tubular acini were almost completely absent The colloid was well 
stained with eosm The height of the acinar epithelium was between 
4 and 6 microns Sections of these thyroids showed colloid goiter with 
mild epithelial pioliferation 

COMMENT 

The recent experiments have thus shown that goiter can be produced 
with regularity m white rats b)' a diet consisting of corn meal, rolled 
oats and calcium caibonate The goitrogenic factor m this diet is the 
calcium ion Secondary atiophy of the thyioid was not observed in 
spite of the fact that the experimental period was extended to eight 
months The addition of vitamins in the form of tomato juice did not 
interfere with the goitrogenic action of the calcium 

The structure of the experimental goiters varied according to the 
iodine content of the goitrogenic diet A diet rich in calcium and low 
in iodine produced parenchymatous goiter, a diet rich in calcium 
and relatively rich m iodine produced colloid goiter The lesults of 
my experiments explain the fact that m legions where the iodine content 
of the food IS sufficient for a normal intake, goitei will develop if ^ 
powerful positive goitrogenic factoi is present Under these conditions, 
which are found in level regions (Noith America, northern Europe), 
the resulting goiter will be a colloid goitei The theory of iodine defi- 
ciency will never explain the development of colloid goiter 

The results of these experiments are not only of theoietic interest 
but of great practical value from the standpoint of prophylaxis The 
daily intake of iodine required to prevent goiter is apparently not a 
constant It varies, depending on the presence and intensity of the 
positive goitrogenic factor 

CONCLUSIONS 

1 Calcium carbonate is as effective m producing goiter m white 
rats as is calcium chloride 

2 Addition of vitamins to the goitrogenic diet does not prevent 
hyperplasia of the thyroid 

3 Prolonged feeding of the goitrogenic diet does not produce 
secondary atrophy of the thyroid 

4 Addition of ten times the normal requirement of iodine to the 
goitrogenic diet produces colloid goiter 

5 Positive goitrogenic factors must be considered in the etiology 
of goiter 

6 The amount of iodine required to prevent goiter is variable and 
depends on the presence and intensity of positive goitrogenic agents 


11 Hellwig, C A The Diffuse Colloid Goiter, West J Surg 47 406, 1939 
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An inci easing interest in functional disturbances which may be the 
underlying cause of pathologic changes in the common bile duct is 
manifest in the recent hteratme Improvement of the technic of chol- 
angiography for the study of dysfunction and pathologic conditions of 
the common duct has been the means of increasing knowledge of func- 
tional disturbances that seem to terminate in organic disease This 
knowledge, as well as that derived from careful follow-up studies of 
cholecystectomized patients, has led to more frequent exploiation of the 
common duct in recent years and, therefore, to an apparent increase in 
the incidence of stone m the common duct (Clute,^ Lahej,- Cheever® 
Cattell ■* and others) 

Kehr,® Deaver,® Moynihan,' Lahey,^ Hermanson and Goldo\\sk} “ 
and Llaingot are among the many authors who ha\ e emphasized the 

From the Clinic for the Studj' of Disease of the Bilnrj Tract, New York 
Post-Graduate Aledical School and Hospital 

1 Clute, H AI Common Duct Stones, J A Af A 95 156S (No\ 22) 1930 

2 Lahey, F H Common and Hepatic Duct Stones, New England T Alcd 
207 685, 1932 Lahey, F H, and Swinton, N W Stones m the Common and 
Hepatic Bile Ducts, ibid 213 1275, 1935 Lahe\, F H Earlier Operations m 
Cholehtlnasis, S Clin North America 17 725, 1937 

3 Chee\er, D Alethods and Results m the Surgical Treatment of Disease^ 
of the Biliarj Passages, New England T Alcd 213 -163, 1^35 

4 Cattell, R B The Technique of Choices stcctonn and Chokdocho trnn 
S Clin North America 17 731, 1937 

5 Kehr, H Wann soil man inch emer Ektonne bei negatnem PaIp->tioi 
befund \on Stcinen im aiolcdochus dicsen Gang incidiercn und draimeren rrd wa-’a 
nicht’ Arch f khn Chir 97 301, 1912 

6 Dcaaer, J B Surgery of the Common Bile Duct Af Rec SO inji 

Crco'rc'rs c'r'iruei c J rjr‘ 
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frequent neglect or oversight of lesions of the common bile duct, 
especially calculi Young observed that stones were still present at 
autopsy in the common bile ducts of 61 per cent of 67 patients who died 
of complications following cholecystectomy Heyd and one of us 
(R H ) ^- have shown in a previous publication that the incidence and 
seventy of pathologic change in the common bile duct are directly pro- 
portional to the duration and seventy of the pieexisting disease of the 
gallbladder 

That this trend toward earlier surgical intervention in disease of 
the gallbladder has not prevented the secondary formation of calculi of the 
common duct has paiticulaily stimulated the study of those factors which 
may be the cause of the foimation of such stones m an attempt to prevent 
their occurrence 

It is oui purpose to review briefly the literature on the normal and 
abnormal function of the common bile duct and to present our clinical 
pathologic studies of patients ivith disease of the common duct 

NORMAL PHYSIOLOGY OP THE COMMON DUCT 

The function of the common duct is that of a conduit between the 
hepatic and cystic ducts and the duodenum Its major structure is the 
sphincter of Oddi, found by Westphal to consist of a proximal muscular 
sleeve and a distal gioup of muscle fibers surrounding the ampulla of 
Vater Normally the opening is only 1 to 2 mm in diameter This 
mechanism controls the flow of the bile into the duodenum, normally 
an intermittent function dependent on a number of stimuli (Rost,^® 

7 Moynihan, B Secondary Operations on the Biliary System, Lancet 2 4, 

1923 

8 Lahey, F H The Incidence and Management of Stones in the Common 
and Hepatic Ducts, Tr Am S A 51 164, 1933 

9 Hermanson, L, and Goldowsky, S Occurrence of Common Duct Stone 
Following Gallbladder Operations, New England J Med 211 806, 1934 

10 Maingot, R Biliary Tract Surgery, Post-Grad M J 13 213, 1937 

11 Young, E L Possibilities of Failure in Removal of Stones in Biliary 
Tract, New England J Med 200 1145, 1929 

12 Heyd, C G , and Hotz, R Surgery of the Common Duct, Am I Surg 
ii 677, 1939 

13 Westphal, K Die Bewegungs- und Resorptionsstorungen an den Gallen 
wegen und ihre Gefahren, Verhandl d deutsch Gesellsch f inn Med , 1932, Kong 
44, p 354 

14 Weiss, S Diseases of the Liver, Gallbladder, Ducts and Panel eas, New 
York, Paul B Hoeber, Inc, 1935 

15 Rost, F Die funktionelle Bedeutung der Gallenblase Experimentelle und 
anatomische Untersuchungen nach Cholecystektomie, Mitt a d Grenzgeb d Med 
u Chir 26 710, 1913 
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Mann and Bollman/" and others) Rost observed that after 
extirpation of the gallbladder m dogs a continuous tiickle of bile flowed 
from the ampulla and so contributed experimental evidence of a reciprocal 
contrar} inneivation between the gallbladder and the sphincter of Oddi 
Such an inner%ation l^pothecates that during the lesting phase of 
actn it}’^ of the gallbladder the organ is i elaxed and allowed to fill by the 
tonicit} of the sphincter of Oddi, whereas certain stimuli, notably food 
and hydrochloric acid in the duodenum, cause the sphincter to relax and 
the gallbladder to contiact Mentzer,^® Berg, Berg and Jobhng,®® 
MciSIaster and Elman, Whitaker,®® Ravdin and Johnston and 
Bo}den®^ ha\e expressed a contrary opinion Bollman and Mann con- 
cluded that the normal intermittent flow of bile from the ampulla of the 
dog IS due to the action of the duodenal musculature The entire problem 
of dyskinesia of the gallbladder, as presented by Ivy and Sandbloom,®^ 
and that of dyskinesia of the common duct, as elaborated by Best and 
Hicken,®“ is dependent on a disturbance of the probable reciprocal rela- 
tion just described 

Contraction or spasm of the common duct elsewhere than at its 
terminal portion (sphincter of Oddi) is highly questionable in view of 

16 Mann, F C A Study of the Tonicity of the Sphincter at the Duodenal 
End of the Common Duct, J Lab &. Clin Med 2 107, 1919, The Function of 
the Gallbladder, Phjsiol Rev 4 251, 1924 

17 Mann, F C, and Bollman, J L Jaundice A Review of Some Experi- 
mental Investigations, JAMA 104 371 (Feb 2) 1935 

18 Mentzer, S J The Disturbances of the Law of Contrary Innervation as 
a Pathologic Factor m Diseases of the Bile Ducts and the Gallbladder, Am J M 
Sc 153 469, 1917 

19 Berg, B N Gallbladder Function After Division of the Common Duct, 
Surg, Gynec & Obst 46 464, 1927 

20 Berg, B N , and Jobling, J W The Effect of Division and Transplanta- 
tion of the Common Duct upon the Gallbladder, Proc Soc Exper Biol & Med 
24 434, 1927 

21 McMaster, P D , and Elman, R On the Expulsion of Bile by the Gall- 
bladder and a Reciprocal Relationship with the Sphinctenc Activity, J Exper 
Med 44 173, 1926 

22 Whitaker, L R The Mechanism of the Gallbladder and Its Relationship 
to Cholelithiasis, J A M A 88 1542 (Mav 14) 1927 

23 Ravdm, I S , and Johnston, C G The Gallbladder Recent Advances as 
Applied to Treatment, Pennsylvania M J 35 357, 1932 

24 Boyden, E A Sphincter of Oddi in Man and Certain Representatu e 
Mammals, Surgery 1 25, 1937 

25 Ivy, A C, and Sandbloom, P Biliary Dyskinesia, Ann Int Med S US, 
1934 

26 Best, R R , and Hicken, N F Biliary Dvssynergia, Surg , G\ nec S. Obst 
61 721, 1935 



106 


ARCHIVES OF SURGER}' 


the careful anatomic study made by MacDonald He could demon- 
strate no circular muscle fibers and only occasional isolated longitudinal 
fibers in the wall of the common bile duct in man Mirizzi,*® however, 
claimed to have seen typical spastic defects in the common hepatic ducts 
of patients for whom cholangiogiaphic study was made He noted the 
disappearance of such defects m subsequent roentgenograms Such 
defects have been attributed by other observers to the presence of mucus 
in the duct 

The mucous membiane of the common duct is irregular and broken 
by minute depressions which open or lead to two types of structures, 
small sachke appendages called parietal sacculi (Theile*®) and short 
blind ducts called vasa aberrantia (Holmes Their function is not 
known, although Beale concluded that they are accessory gallbladders 
capable of taking over the function of the gallbladder when it is dis 
eased, Ravdm and Johnston attributed a glandular activity to these 
structures The mucous membrane of the common duct or its appendages 
does secrete a watery alkaline solution into the lumen of the common 
duct (Rous and McMaster®-), though the role and the volume of this 
diluting solution have not been determined 

PATHOLOGIC PHYSIOLOGY OF THE COMMON BILE DUCT 

Studies on the common duct of animals, particularly dogs, 
cholangiographic study of the common duct of the human being, as prac- 
ticed by Mirizzi,®3 Saralegui,®* Walters and Theeson,®® Best and 

21 MacDonald, I S Histology of the Biliary Ducts and Its Correlation with 
the Symptomatology of Common Duct Stone, Surg , Gynec & Obst 60 775, 1935 

28 Mirizzi, P L Operative Cholangiography Contribution to Physiop^ 
thology of the Common Bile Duct, Lancet 2 366, 1938 

29 Theile, I Die Leber, in Wagner, R Handworterbuch der Physiologie. 
Brunswick, F Vieweg u Sohn, 1842-1853, vol 2, p 349 

30 Holmes, B The Mucous Glands of the Bile Ducts and Gallbladder, Lancet 
1 678, 1911 

31 Beale, L S Lectures on the Principles and Practice of Medicine The 
Liver, London, J & A Churchill, 1899 

32 Rous, P , and McMaster, P D Physiological Factors in Genesis of 
Stones, Proc Inst Med Chicago 7 33, 1928 

33 Mirizzi, P L La colangiografia durante las operaciones de las vias bihares, 
Bol y trab de la Soc de cir de Buenos Aires 16 1133, 1932, La cholangiographic 
durant I’operation (C D O ) Constatations et resultats de la seconde sene de cen 
operations seniles voies biliares, Bull et mem Soc nat de chir 61 349, 1935, Die 
Anwendung der Cysticoduodenostomie, Deutsche Ztschr f Chir 246 609, 1936, 
Operative Cholangiography, Surg, Gynec & Obst 65 702, 1937 

34 Saralegui, J A Cholangiography New Technique and Results, Ain 
Roentgenol 32 167, 1934, Die Cholangiographien beim Studien der Gallenleiden, 
Fortschr a d Geb d Rontgenstrahlen 52 571, 1935 

(Footnotes continued on next page) 
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Hicken and others, form the basis of such knowledge as physicians 
no\\ possess of the abnormal function of the extrahepatic bile ducts 
Fiom such studies certain assumptions have been made possible, 
especially as to function of the common bile duct aftei cholecystectomy 

It IS generally recognized that the common bile duct m man assumes 
some of the function originally resident in the gallbladdei when the latter 
IS extirpated by operation or by disease Sweet,^^ m 1924, found the 
parietal sacculi of the hepatic ducts and of the common bile duct enlarged 
after cholecystectom}’’ From his chemical studies of the blood of chol- 
ecystectomized dogs he made the deduction that the parietal saccules 
assume the function of the gallbladder, paiticularly m regard to absorp- 
tion of cholesterol Boyd stated a similar opinion An enlargement 
of the vasa aberrantia has also been described by Boyd,^® Sweet,^^ Sut- 
ton and Schmidt and Iv}' ■*“ Counseller did not find these changes 
except when the common duct itself is dilated This dilatation is common 
after partial intermittent obstruction and after cholecystectomy, as has 
been pointed out by Judd and Mann Cox,^® m a study of autopsy 
specimens from cholecystectomized patients, concluded that the dilatation 
of the accessory structures is merely concomitant with dilatation of the 
common duct and is not a specific response to cholecystectomy He was 
able to demonstrate no epithelial hypertrophy oi secretory glands before 
or after obstruction of the common duct or cholecystectomy and there- 
fore concluded that the appendages have no specific function That the 

35 Walters, W, and Theeson, N W Visual Methods of Studying the 
Physiology of the Common Bile Duct I The Problem of Pancreatitis and 
Sphincteritis, Proc Staff Meet , Mayo Clin 9 772, 1934 

36 Best, R R , and Hicken, N F Cholangiographic Demonstration of Biliarj 
Dyssynergia and Other Obstructive Lesions of the Gallbladder and Bile Ducts, 
JAMA 107 1615 (Nov 14) 1936, Biliary Dyssynergia Cholangiographic 
Recognition and Its Significance, West J Surg 44 467, 1936, Technique of Imme- 
diate Cholangiography, Surg, Gynec & Obst 65 217, 1937 

37 Sweet, J E The Gallbladder Its Past, Present, and Future, Internat 
Clin I 187, 1924 

38 Boyd, W Studies in Gallbladder Pathology, Brit J Surg 10 337, 1923 

39 Sutton, J E , Jr Changes in the Intra-Hepatic Bile Ducts Following 
Cholecystectomy, Ann Surg 91 65, 1930 

40 Schmidt, C R, and Ivy, A C Effect of Cholecjstectomy on Extra- 
Hepatic Ducts in the Rabbit and Guinea Pig, Proc Soc Exper Biol & Med 36 
89, 1937 

41 Counseller, V S Certain Effects of Obstruction of the Bile Ducts, Ann 
Surg 87 210, 1928 

42 Judd, E S, and Mann, F C The Effect of the Removal of the Gall- 
bladder An Experimental Study, Surg, Gjnec & Obst 24 437, 1917 !Mann, 
F C A Physiologic Consideration of the Gallbladder, JAMA 83 829 
(Sept 13) 1924 

43 Cox, F M Changes in the Bile Ducts and Parietal Saccules Following 
Absence of the Gallbladder, Surg, Gjnec &. Obst 55 169, 1932 
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dilatation obseived aftei cholecystectomy is dependent on the func- 
tion of the sphinctei of Oddi has been demonstrated by Judd and 
Mann/- Doubilet and Colp and "Wmkelstcm and Aschner^'’ The\ 
weie unable to seeme dilatation of the common duct if the sphincter 
had been destro3^ed oi the ampulla cannub/ecl 

In 1903, Kjukenbeig lepoited a case ot gallbladdei colic nitliout 
gallstones Since that time, not onl} colic but dilatation of the gall- 
bladdei and the common duct without stones oi e\ ideiit obstruction 
has been incieasmgly recognised and attributed to a neurogenic 
mechanism which increases the tone of the sphinctei of Oddi (Best and 
Hicken,®® Ivy and Sandbloom,-’ Berg,'® Walters, INIcGovan, Butsch 
and Kneppei,'® and otheis) Iv}' Potter and Mann'® and Doubilet 
and Colp ** have found pressures up to 400 mm of water necessar) to 
overcome the lesistance of spastic sphincters Best and HickeiM” and 
others have shown such an inci eased tone to be the cause for dilatation 
of the common duct, a view contrai}^ to the results of experimental 
studies of Puestow The}' concluded that such a spastic dysfunction 
causes stagnation of bile and is the piecursor of infection and calculi, 
a view also held m part by Beei,-® Walters and Beall for intrahepatic 
stones 

The recurrent stones found m some common ducts after cholecystec- 
tomy and prolonged drainage of the common duct vhen no organic 
obstruction is demonstrable can piobably best be explained on the basis 
of continuing spasm and infection Puestow,'*® in a study of 85 cliole- 
cystectomized patients, found a total lack of tone in the sphincter in the 
majority of instances and concluded that the dilatation of the common 
duct IS passive or atonic This contention is difficult to appraise, m vieiv 

44 Doubilet, H , and Colp, R Resistance of the Sphincter of Oddi in the 
Human, Surg , Gvnec & Obst Gi 622, 1937, Endocholedochal Sphincterotomj , 
ibid 66 882, 1938 

45 Winkelstein, H , and Aschner, P W The Mechanism of the Flow of Bile 
from the Liver into the Intestines, Am J M Sc 171 104, 1926 

46 Walters, W , McGowan, J M , Butsch, W L , and Knepper, P A Patho 
logic Physiology of the Common Bile Duct Its Relation to Biliary Colic, J ^ 
M A 109 1591 (Nov 13) 1937 

47 Ivy, A C Physiolog> of the Gallbladder, Physiol Rev 14 1, 1934 

48 Potter, J C , and Mann, F C Pressure Changes in the Biliarj Tract, Aw 
J M Sc 171 202, 1926 

49 Puestow, C B Changes in Intracholedochal Pressure Following Cholecys 
tectomy, Surg , Gynec & Obst 67 82, 1938 

50 Beer, E Intrahepatic Cholelithiasis, M News 85 202, 1904 

51 M^alters, The Pathologic Physiology of Stone in the Comnion BiW 

Duct, Surg, Gjnec &. Obst 63 417, 1936 

52 Beall, F C Stones in the Common Bile Duct, Ann Surg 107 238, 193S 
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of the clinical and expeiimental data which contradict it Newman®® 
has noted temporarj^ atoii)’’ of the sphincter following cholecystectomy, 
but the tone lapidly letuined to normal or inci eased levels, a cycle we 
have noted cholangiogiaphically m our own studies 

It IS probable that the course of events in the formation of recurient 
calculi of the common duct without organic obstruction is that of 
increased spasm of the sphinctei causing laking or stagnation of bile with 
oversaturation and therefore piecipitation of cholesteiol and calcium 
salts Continued stagnation and piecipitation tend towaid the formation 
of stones, which, as m the gallbladder, piedispose to nutation of the 
mucous membrane and infection Whether infection of the common duct 
precedes or follows the foimation of stone is debatable and of little con- 
sequence m this discussion That the two are frequently coexistent has 
been demonstrated by many observers cited previously m this section 

RESULTS OF STUDY ON DISEASE OF THE COMMON DUCT 

During the past seven years, 239 operations were performed on the 
gallbladders and bile ducts of patients who had been studied m the “gall- 
bladder clinic” of the New York Post-Graduate Medical School and 
Hospital In 47 instances, or 20 per cent, exploration of the common 
duct was performed As in other clinics, the frequency of exploration 
of the common duct m this institution has increased during the past 
few years, m 30 per cent of the last 100 cases of this series such an 
exploration was done Stones were present in 21 cases, in all of 
the remainder there was dilatation of the common bile duct due either 
to spasm of the sphincter or to some obstruction other than stone A 
comparison between these two groups of cases, i e , those m which 
stones were present and those in which they were absent, has been 
undertaken with the hope of determining the etiology of the common 
duct stones encountered 

The study consisted of routine preoperative cholecystographic 
examination, duodenal drainage, chemical study of the blood, chemical 
and bactenologic examination of bile and stones from the gallbladder 
and from the common duct, the taking of a postoperative cholangiogram 
in 8 cases and daily chemical studies of bile from the common duct up 
to the time the drainage tube was removed from the duct 

Pieoperative (Diagnostic) Findings — The average age of the 21 
patients with common duct stone was 60 years, m contrast to an average 
age of 45 years for patients with dilated common ducts in which no 
stones were found Similarly, the duration of s3'mptoms suggestive of 
disease of the biliary tract was longer m the cases m ivhich stones were 

S3 Newman, C Phvsiologj of the Gallbladder and Its Functional Abnormali- 
ties, Lancet 1 785, 841 and 896, 1933 
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present Biliaiy colic ^^as a major complaint of 18, or 86 pei cent, of 
patients with common duct stones but had only a 50 per cent incidence 
in patients with dilatation of the common duct without stones A histoiy 
of jaundice was twice as fiequent for the patients with common duct 
calculi as for those without (70 per cent versus 31 per cent) but w^as 
sometimes not given foi patients w’lth markedly dilated common ducts 
containing multiple calculi Dj'spepsia w^as a complaint of all the patients 
in this senes 

Studies of the blood w^ere of little A'alue in differentiating betw een the 
patients with stone and those w'lthout A mild elevation of the leuko- 
cyte count was fiequently associated w'lth the presence of common duct 
stones but was seldom observed in the absence of stone unless pancreatitis 
w'^as piesent In patients wuth an elevated icterus index and a positive van 
den Beigh reaction the value for blood cholesterol w'as usually elevated 
above 220 mg pei bundled cubic centimeters This was seen more 
fiequently in patients wuth calculous common ducts, for, generally speak- 
ing, the icterus index ■when elevated in cases of calculus was higher 
than in cases in wdiich calculi w'eie absent The incidence of an elevated 
icterus index was higher (81 pei cent versus 50 per cent) in the patients 
W'lth stones in the common duct than in those without 

Duodenal diamage furnished significant diagnostic data Concen- 
tiated bile and clumped ciystals of calcium bilirubinate (bile sand) w'ere 
frequent in patients w'lth common duct stone, w'hereas a combination of 
these was seldom found in patients w'lthout stones Chemical determina- 
tions of the level of cholesteiol in the duodenal bile W'eie not of impor- 
tance Usually only a trace (50 mg per hundred cubic centimeters) of 
cholesteiol was present Of the greatest diffeiential value ivas the find- 
ing on sterile drainage by the encapsulated method (Tw'iss ®*) of 
colon bacilli or stieptococci in the drainage These oiganisms, singly 
or together, were present m moie than 80 per cent of patients with 
common duct stones, as against a 34 per cent incidence in patients with- 
out stone Furthermoie, cultures yielding these organisms w'ere gen- 
erally associated with the “bile sand” m patients with stone Pure 
cultuies obtained fiom duodenal specimens (only one organism) were 
common in patients with stone and much less common in those w'lthout 

The results of examination of the gastric contents for hydrochloric 
acid were significant only m that hypochloi liydria 'W'as found m a 
patients with common duct stone, as against a less frequent occurrence 
in patients w'lthout stone 

S4 Twiss, J R Technic of Non-Surgical Drainage of the Biliary Tract, J ^ 

M A 100 792 (March 17) 1933 Twiss, J R, and Phillips, C H Bacteriologies^ 
Findings in Disease of the Biliary Tract An Improved Method of 
Cultures of Bile by Duodenal Diainage, Am J Digest Dis & Nutrition 2 
1936 
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A cholecystogram was taken in the clinic in 23 cases In no instance 
was a normally visualizing gallbladder found Twenty films showed no 
visualization, and 3 had a faint visualization The value of the chole- 
C3'Stogram in determining the function of a gallbladder cannot be over- 
estimated, as we have found a 90 per cent agieement between the 
cholecystogram and the pathologic findings in the cases of over 200 
cholecystectomized patients 

Table 1 is a resume of the preoperative findings in cases of disease 
of the common duct with and without stones This study gives pre- 
sumptive evidence that dilatation of the common duct is often dependent 
on loss of function of the gallbladder (loentgen evidence) and that 


Table 1 — Resume of Diagnostic Findings tn Cases of Disease of the Common Duct 

With and Without Stone 



Calculous 

Dilated 


Common 

Noncalculous 


Duct 

Common Duct 

Diagnostic factors 

(21 Cases) 

(26 Cases) 

Age of patients 

50 to 70 years 

35 to 50 jears 

llean ago of patients 

Total duration of sj-mptoms 

60 years 

44 years 

referable to gallbladder 

10 to fO years 

2 to 20 years 

Incidence of biliary cobc 

86% 

54% 

Incidence of jaundice (by history) 

70% 

38% 

LeuLoeyte count 

Slightly elevated (10,000 14,000) 

Normal except with 
pancreatitis 

Icterus index 

9+ units In 90% 

9+ units m 65% 

Duodenal drainage 

Concentrated bile 

In duodenum, 63% 

In duodenum, 35% 

Crystals 

Olumped calcium bilirubinate 
and calcium 

Cholesterol crystals 

Culture of duodenal contents 

Colon bacilli or streptococci 

Mixed or sterile cul 


in 80% 

tures in 70% 

Gastric acidity (free) 

Achylia or hypochlorhydria 
in all but 1 case 

Various 

Cholecystogram 

Visualization m only 1 case 

Visualization in onij 

2 cases 


this is associated with intermittent spasm of the sphincter of Oddi 
The frequent finding of concentrated bile and crystals m drainage of the 
common bile ducts of patients with nonfunctioning gallbladders is further 
evidence that the common bile duct may take over some of the concen- 
trating function of the gallbladder and that stasis of bile in the common 
duct may occur 

The advanced age of the patients, the high incidence of cultures 
yielding bacteria and the associated hypochlorhydria observed in cases 
of common duct stone are indicative that prolonged stasis predisposes 
to stone formation and infection, much as the same tram of events pre- 
viously occurred m the gallbladder There is no invariable or pathog- 
nomonic finding m cases of common duct stone The history of jaundice, 
colic and prolonged digestne symptoms m patients m the fifth to the 
seventh decade of life, a nonfunctioning gallbladder on roentgen examma- 
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tion and the finding of clumped calcium oi calcium bilirubinate cnstals 
associated with colon bacilli or a streptococci are bigbl} presumptne 
evidence of stone m the common duct 

Findings at Opeiatwn — ^At operation dicmical, bacteriologic and 
pathologic studies ^^ere made of the gallbladder and of bile from the 
common duct Table 2 is a resume of the pathologic changes m the 
gallbladder as determined b}"^ the attending pathologist and of the appear- 
ance of the common duct as described bv the operating surgeon The 
pathologic changes in the gallbladdei were in close accord with the result 
of pieoperative cholecystogiaphic examination Pathologic changes ^^ere 
far advanced in all but 2 cases, and stones u ere present in the gallbladder 
in 35 of the 37 specimens 


Table 2 — Hlaaoscoptc and Microscopic Pathologic Changes round at Operation 
tit Patients iLith Disease of the Continon Duct 


Calculous 

Noncalcnloa= 


Common Duct 

Common Duct 

Disease of gallbladder (attending pathologist’s report) 

Ohronlo cholecjstitis and litlilasis 

O 

s 

Sorere (ulcerative) cholee>stitIs pith Iitlilnel« 

10 

Acute cholecjstitis and hthlasis 

1 

7 

Chronic noncalculous cholecjstitis 

1 

1 

No gallbladder (choloejstcctomj) 

7 

8 

Total number of cases 

21 

2o 

Disease of common duct (operating surgeon s report) 

Dilatation with acute pancreatitis 


s 

Dilatation with chronic pancreatitis 


G 

Dilatation (no other pathologic change noted) 

10* 

ID 

Dilatation with acute cholangitis 

2 

I 

Operative injury, stenosis 


Total number of cases 

21 

26 


♦ In 1 of these cases there was generalized papillomatosis at the lower end of the coinDioii 
duct 


In 16 instances no cause for the dilatation of the common duct cou 
be ascertained The appearance of the duct and the degree of assoaate 
disease of the gallbladder weie the same as those present m the 
cases of common duct stone in which no other cause for obstruction 
was observable The only diffeience indicated in this group by con- 
trasting findings was that the incidence of cultures yielding bacteria 
was much lower in the cases in which stones were absent and the dura- 
tion of disease of the biliary tract, as reflected in symptoms, was uiuc 
shorter It was in these conditions (noncalculous) that hypertonicit\ 
of the sphincter of Oddi (sphincter spasm) without benefit of the re^' 
latory function of a gallbladder offered the most likely explanation w'l 
the dilatation 

Pancreatitis, either acute or chionic, was a probable obstructing 
factor in 9 patients without stones of the common bile duct In no case 
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of common duct stone was pancreatitis deemed present, a finding con- 
trary to that frequently reported in the literature Stones were frequentty 
found m common ducts which were dilated after a previous cholecystec- 
tomy From this limited senes no conclusion can be drawn concerning 
the incidence of postoperative common duct stones, for exploration of the 
duct vas done only in cases of intermittent jaundice, bile sand and 
cultures yielding bacteria 

The microscopic, chemical and bacteriologic data on the bile and on 
the stones from the gallbladders of patients with disease of the common 
duct are given m table 3 They serve to substantiate the pathologist’s 
repoit and to add further evidence of the fact that disease of the common 
duct IS a sequel of severe disease of the gallbladder The findings 
indicate that the pathologic process in the gallbladdei was farthei 
advanced in the patients with common duct stones than in those without 


Table 3 — Chemical j Mici oscoptc and Bacteriologic Findings in the Bile of 
Gallbladdei s of Patients with Disease of the Common Duet 



Calculous 

Aoncalculous 


Common Duct 

Common Duct 


(14 Oases) 

(23 Oases) 

JBiIe salts (average) 

2S0 mg /lOO cc 

2 000 mg /ICO cc 

Cholesterol (average) 

211 mg /lOO cc 

S62 mg /lOO cc 

Incidence of crystals 

100% 

100% 

Oalcmm bilirubinate 

7 cases 

7 cases 

Calcium 

C cases 

1 case 

Cholesterol 

6 cases 

5 cases 

Incidence of pancreatic ferments 

50% 

49% 

Incidence of cultures yielding bacteria 

C4% 

53% 


In all the cases m this series the common duct was dilated at the 
time of operation The degree of dilatation was no greater m patients 
with stone than m patients without stone It was impossible to determine 
the original source of the common duct stones, i e , whether it was the 
gallbladder, the common bile duct or the hepatic ducts In only 3 cases 
were there stones m the common bile duct with the appearance and 
structure of ordinary “mixed” gallstones In 16 the stones were com- 
posed predominantly of calcium bilirubinate, and m 2 they were pure 
pigment stones It is probable that both the calcium bilirubinate stones 
and the pigment stones were formed in the common duct, as they were 
m marked contrast chemically and structurally to their associates m the 
gallbladder 

Bile from the common duct, procured at the time of operation, was 
examined chemically, microscopically and bacteriologically The results 
•of the examinations are given in table 4 The patients vere, as in the 
previous studies, divided into those with stone and those v ithout The 
results revealed no evidence not previously shown bj’’ duodenal drainage 
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Common ducts winch contained stones sliowcd concentrated bile and 
concentrated cholesterol more fiequcnth that did ducts ^\lthout stones 
As the patients had nonfunctioniii" gallbladders m e\er} instance in 
which the common duct bile uas obser\cd before operation to be con- 
centrated, theie IS little cpiestion of the tiansference of this function to 
the common duct once the gallbladdei is removed by a pathologic process 
The ability to concentrate bile was not gcncial in calculous common 
ducts Common ducts in which the calculus had produced a long-stand- 
ing, neaily complete obstruction had a low" concentration of bile salts 
and cholesterol, just as is seen in cases of obstruction (In drops) of the 


Table 4 — Chemical, Mtct oscoptc and BacUnologic rnidiugs lu Bdc Obtained from 
the Common Duct at Opoation 



Calculous 

Noncalculoa 


Common Duet 

Common Duet 


(21 Cases) 

(26 Ca'cs) 

Concentrated bile (SCO me /lOO cc bile salts) 



Bile cholesterol 

50 mg /ICO cc or more 

C en=c» 

4 cn®es 

Less than 50 mg /lOO cc 

12 cn'es 

12 cn'cs 

Crystals 

O0~o 


Calcium bilirubinate 

17 eases 

0 C'1'=CS 

Calcium 

2 cases 

1 cnee 

Cholesterol 

■1 cases 

11 cn=es 

None 

2 cases 

Senses 

Pancreitie ferments 

Present 

11 cases 

5 ca'C' 

Absent 

7 cases 

7 cases 

Cultures 

OOTo positive 

5S"J positive 

Colon bacilli 

IS cases 

5 cases 

Streptococci 

S cases 

S cases 

Mixed (2 or more organisms) 

7 cases 

Ocase 

sterile 

2 cases 

10 eases 

Other organisms 

3 cases 

S ca'es 


gallbladder When these findings foi the opeiative bile specimens (not 
concentrated) are coi related with those obtained by postoperative T- 
tube drainage, it is ev^ident that the role of the liver cannot be over 
looked , 1 e , in cases of severe obstruction, the liver did not secrete 
normal bile The finding of “white” bile (bile containing no cholesterol 
or bile salts) is ev"idence that undei severe abnormal conditions the 
common duct may absorb bile salts, pigment and cholesterol 

Pancreatic ferments w"ere more frequently piesent in the bile of 
common ducts containing calculi than in that of noncalculous ducts 
This could not have been due to the impaction of a stone in the ampulla 
except in 3 instances It is apparent that a certain degree of sphincter 
tone, probably greater than is pltysiologic, existed, either because of 
the stones or independently of them Microscopic examination confirmed 
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the finding b}'^ duodenal diainage of calcium bilirubinate crystals in 
calculous common ducts and of a variety of crystals in noncalculous 
ducts A maiked degree of stasis was evident in all of the common ducts 
exposed 

Cultures of the operative specimens of bile from the common ducts 
revealed viable organisms m all but 2 calculous common ducts, with 
colon bacilli and/or streptococci in 75 per cent of all ducts Only 33 
per cent of noncalculous common ducts contained these organisms 

A daily analysis of the bile obtained by T-tube drainage was made 
in each case The values for bile salts, cholesterol and ferment concen- 
tration were determined, and crystals were noted In reviewing the 
results of this extensive chemical study, no evidence as to the functional 
state of the common duct was obtained except that the bile procured 
by “free” drainage of the tube was lower m concentiation than was 
that procured after a period of obstruction (clamping) of the tube As 
the period of drainage extended and presumably edema and spasm sub- 
sided, these variations became less marked, until, apparently with free 
diainage into the duodenum, no change in concentiation existed The 
concentration of bile salts from the fistulas of patients with long-con- 
tinued paitial obstruction was geneially low This was true of patients 
without evident hepatic damage It is evident that the liver was secreting 
bile low m bile salt and cholesterol Such variables as this, as well as 
spasm or atony of the sphincter, make a specific chemical study of post- 
operative common duct bile of little value in determining the functional 
status of the common duct 

A postoperative (“delayed”) cholangiogram was taken in 8 cases 
In only 1 instance was there evidence of continuing organic obstruction , 
the patient had papillomatosis of the lower end of the common duct 
Five of the patients, however, revealed a functional spasm of the sphincter 
of Oddi, proved by retention of dye in the common duct with prompt 
emptying on inhalation of amyl nitrite This finding of spasm even in 
such a small series of cases lends support to the theory that the cycle 
of events we har’^e recorded in our studies may be initiated b}^ spasm of 
the sphincter and that removal of the results of dysfunction (chole- 
lithiasis, chronic cholecystitis or choledocholithiasis) does not necessarilv 
relieve the patient of the consequences of continuing dysfunction 

The difficulties inherent in a stud} of the ph}siolog}' and of the 
abnormal functions of the common bile duct m cholecystectomired 
patients are best illustrated by the 2 case histones which follow 

REPORT OF CA.SES 

Case 1 — R W, a white woman aged 50, was admitted to the hospital with a 
history of epigastric distress, nausea and lomiting for twenti jears During the 
ffie lears prior to her admission she had definite episodes of epigastric colic 
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Comment — ^Daily determinations of the composition of the “fistula 
bile” are recorded in chart 1 The gradual rise m concentration of the 
bile salts is attiibutable to an increasing recovery of hepatic function and 
also m part to the ability of the common bile duct to concentrate bile 
The cholesterol content remained relatively constant Pancreatic feiments 
and crystals were present in the bile throughout the period of drainage 



Chart 2 — Temperature and dailj determinations of the concentration of bile 
salts and cholesterol in the common bile duct in case 2 


Cultures of the bile obtained by drainage ten dajs after the operation 
showed the continued presence of the colon bacillus infection A 
cholangiogram taken on the sixteenth postoperatn e da\ shoit ed a norm- 
ally functioning sphincter of Oddi 

Repeated postoperative studies of material obtained bt duodenal 
drainage have shown a continuing colon bacillus infection ot the com- 
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mon bile duct with alternate dilute and concentrated bile The patient 
has been free from symptoms except for laie episodes of mild indigestion 
The thieat of a lecuiient common duct stone is piesent, and stones mai 
lecui if the stasis m the common bile duct is not controlled 

Case 2 — A white man aged 50 was admitted to the hospital with a Iiistorj of 
severe intermittent epigastric pain radiating to the right upper quadrant oi the 
abdomen for fiv'e months lie had had jaundice, chills, nausea and vomiting On 
examination he showed jaundice, tenderness in the right upper abdominal quadrant 
and in the epigastrium, a mass in the right hvpochondrium and evidence of loss of 
weight 

Laboratoij examination showed the value for blood cholesterol to be 290 mg 
and that for cholesterol esters 122 mg per hundred cubic centimeters The icterus 
index was 18 3 The van den Bcrgh reaction was direct Duodenal drainage 
showed concentrated bile, many cholesterol crvstals and occasional calcium bill 
rubinate crystals A culture of the duodenal contents was sterile The gallbladder 
did not visualize roentgenographically 

At operation the gallbladder was totally obliterated, filled with tiglitlv packed 
“mixed” gallstones The common bile duct was dilated but contained no stones 
The pancreas was normal Cholecv stectomv and choledochostomj were performed 
The bile obtained from the common duct was concentrated, containing 2,700 mg of 
bile salts and 25 mg of cholesterol per hundred cubic centimeters It contained 
also numerous cholesterol crystals and some calcium bilirubinate crvstals Culture 
of material from the common bile duct was sterile 

Comment — Daily determinations of the composition of the “fistula 
bile” are recorded in chait 2 As the edema m the duct subsided, the 
concentration of bile salts returned to normal and the stasis, as shoun 
by the crystalline sediment, decreased The cholesterol content remained 
at 80 to 100 mg per hundred cubic centimeters, apparently the concen 
tration being secreted by the liver Additional cultuies of the bile 
obtained by drainage weie sterile A cholangiogram taken on the nine 
teenth postoperative day showed a normal sphincter of Oddi, 
pel haps a slightly increased tone as shown by a visualization of the 
pancreatic duct The dye, however, emptied readil}' from the duct 

In this patient the disease was of short duration and the d)’^sfunction, 
dilatation and stasis of the common bile duct follovv'ed lapidly on obstruc 
tion of the cystic duct and obliteration of the gallbladdei It is probable 
that had dysfunction of the common bile duct continued for a longer 
period stone formation and infection vv'ould have taken place 

SUMMARY AND CONCLUSIONS 

A comparison is made between a series of cases of stone of the com 
mon duct and a series of cases of disease of the common duct wutliou 
stone 

In the majority of cases the common duct stones were not related 
structurally to the gallbladder stones, and therefore a different cause 
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must be assumed In most instances the disease originates in the gall- 
bladder, and with the passage of time the gallbladder becomes obliterated 
and functionless while the common duct to a greater or lesser degree 
takes over the concentrating ability of the gallbladder This is evidenced 
by the increased concentration of the bile in the common ducts of patients 
with advanced cholecystic disease 

This concentration of bile is further increased by stasis, which in the 
presence of gastric achylia predisposes to infection This combination 
of factors favors the deposition of bile sand and the formation of calcium 
bilirubinate stones As such, common duct stone represents a separate 
pathologic entity distinct from, though related to and dependent on, the 
preexisting chronic cholecystitis The failure of cholecystectomy to 
break this chain of events probably explains recurrent, as contrasted to 
overlooked, stones of the common duct 
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The proper classification of tumors arising in lymphoid tissue presents 
great difficulties The reports on this subject bj Foot/ Connor," Ober 
ling® and others all show a divergence of opinion and nomenclature 
To avoid confusion, then, we shall use m this discussion the classification 
of sarcomas of the gastrointestinal tract employed by Ewing, namel} 
(1) spindle cell mj^osarcoma, (2) miscellaneous round cell or niixed 
cell alveolar sarcoma and (3) lymphosarcoma 

The spindle cell myosarcoma is likel}' to be bulky, c\stic or solid, 
it may project into the peritoneal cavit}’’ or into the lumen of the stomach, 
it IS noninfiltrating and is late in metastasizing 

Tumors of the miscellaneous round cell type constitute a group about 
which little IS known and for this reason probabh do not desene being 
classified as a separate variety 

Lymphosarcomas constitute the largest and most important group 
of which there are tivo varieties, differing in the type of cell from wmc 
the tumors arise the reticulum cell sarcoma, arising from the reticuluiu 
cells of the germ centers of the follicles and pulp cords, and the malignant 
lymphocytoma, or small round cell Ijunphosarcoma, arising from ^ 
lymphocjTes 

The embryologic oiigm of the leticulum cell is unknown, but it 
certain that neoplastic growths of lymphoid tissue may appear m ' 
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stomach and by invasion destroy it Roulet ^ expressed the opinion that 
lymph nodes possess two types of stroma one consisting of fibrous 
connective tissue, from which the true fibrosarcoma or spindle cell 
sarcoma may be derived, and the other a reticulum cell framework, 
from which the reticulum cell sarcoma or “retothelsarcoma,” as he 
termed it, may arise According to Aschoff, Downey and Maximow,® 
the primitive mesenchymal cell of embryonic life is the mother cell for 
all the types of matui e cells which comprise a lymph node 

In this paper an attempt has been made to divide lymphosarcomas 
of the stomach as nearly as possible into the two types (1) reticulum 
cell sarcoma (large round cell lymphosarcoma) and (2) malignant 
lymphocytoma (small round cell lymphosarcoma) An attempt has been 
made to analyze reticulum cell sarcomas clinically and morphologically 
and to make some comparisons between them and malignant lympho- 
cytomas Although this differentiation is not commonly made, it is 
practical and of clinical importance, for the two types differ m their 
response to roentgen therapy According to Krumbhaar and others, the 
reticulum cell sarcoma shows greater resistance to roentgen therapy than 
does the malignant lymphocytoma 

To afford a better understanding of the pathogenesis of and the 
symptoms produced by the reticulum cell sarcoma, we shall sketch 
briefly the anatomy of the lymphatic vessels of the stomach ® The 
lymphoid tissue in the stomach is much like that of the intestines The 
lymphatic vessels arise from a well developed system of capillaries in 
the most superficial layer of the mucous membrane, between the glands, 
a layer somewhat deeper than the capillaries of the blood There is con- 
siderable anastomosis throughout the mucous membrane, from which 
these lymphatic channels extend toward the serosa and form a plexus 
on the deep surface of the mucosa From that region the lymphatic 
vessels extend deeper, through the muscularis mucosae into the sub- 
mucosa, where the lymph follicles are situated The lymphatic vessels 
extend from here through the deep layers of muscles of the stomach and 
terminate in the retroperitoneal lymph nodes Each Ijmph nodule, or 
follicle, consists of dense groups of lymphocytes supplied by a blood 

5 Roulet, F (o) Weitere Beitrage zur Kenntnis des Retothelsarkoms der 
L>mphknoten und anderer Lj mphoiden-Organe, Virchows Arch f path Anat 
286 702-732, 1932, {b) Das pnmare Retothelsarkom der Limphknoten, ibid 277 
15-47, 1930 

6 Aschoff, Downej and Maximow, cited b\ Hasselmann, C M Retothel- 
Sarcoma Among Filipinos in the Tropics, Philippine J Sc 54 1-5 (Ma^ ) 1934 

7 Krumbhaar, E B The L\mphatoid Diseases, J A. M A 106 286-291 
(Tan 25) 1936 

8 (a) Maximow, A A , and Bloom, W A. Text Book oi Histolog\, Phila- 
delphia, W B Saunders Conipan\ , 1930 (b) Picrcol G A Xormal Hi^tologa cd 
15, Philadelphia J B Lippincott Compam 1932 p 191 
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vessel and sunounded by a framework of connective tissue In the center 
of the active follicle is a portion Avhich stains lighter than the rest, the 
secondary follicle, which is made up of less mature lymphocytes, through- 
out which are scattered primitive reticular cells with indistinct cyto- 
plasm While the piimary follicle is at rest, the secondary follicle as 
apparent only as a small artery surrounded by a few nuclei of the primi- 
tive reticular cells m the center of the primary follicle 

The material used for study consisted of all specimens of sarcoma 
of the stomach available for study at the Mayo Clinic There were 67 
such specimens, Avhich could be apportioned as indicated m table 1 

The incidence contained m table 1 is m accord with results of 
studies made by other authors, however, in some series the classifica- 
tion IS so variable that it is difficult to draw comparisons Most authors 
concur m the opinion that lymphosarcoma is the most common form of 
sarcoma found m the stomach Pack and McNeer ® expressed the 


Table 1 — Types of Sai comas Repi cscnted in Strfy-Seven Cases of Sarcoma of 
ike Stomach Encotmict cd at the Mayo Cltmc 


Lesion 

Cases 

Per Cent 

Lympbosarcoma (41, or 02 per cent) 

1 Reticulum cell sarcoma 

20 

30 

2 Malignant lymphocytoma 

Hodgkin’s sarcoma 

21 

32 

6 

S 

Leiomyosarcoma 

7 

11 

Fibrosarcoma 

0 

13 

MiAed group 

4 

G 

Total 

CT 

100 


opinion that of the two types of lymphosarcoma arising m the stomach 
practically all lesions are of the reticulum cell variety and only a few 
are of the malignant lymphocytoma type Our series shows that the 
two types are of approximately equal incidence, AVith the small cell 
lymphosarcoma (malignant lymphocytoma) in slight preponderance 

CAUSATIVE BACKGROUND 

The cause of lymphosarcoma of the stomach is unknowm We shall 
not review the speculations that have been offered, and there was nothing 
derived from this study to add to existent theories 

MORPHOLOGIC ASPECTS 

In this series the typical morphologic picture of reticulum cell sarcoma 
(fig 1 A) was one in which the lymph follicles w'ere invaded and 
destroyed by large, pale cells, with nuclei of bizarre configuration, most 

9 Pack, G T , and McNeer, G Sarcoma of the Stomach Report of Nine 
Cases, Ann Surg 101 1206-1224 (May) 1935 
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A, section of reticulum cell sarcoma of the ston.acli, with large pale cells con- 
taining nuclei of bizarre configuration The nucleoli are not prominent chromatin 
IS finch dnided and clnracteristicalh the tumor shows a loose cellular structure 
Heimtowlin and cosin X 1 100 B malignant hmphocctoma (small round cell 
hmphosarcoma) showing wild proliferation ot mature hmphoc\tes Xucleoli are 
more prominent and chromatin more hea\ih distributed than m reticulum cdl 
sarcoma with a \cr\ compact arrangement of the cells Hematowlin and cosin, 
X 1,100 
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of which weie lound, oval, reniform and horseshoe shaped These nuclei 
were two to thiee times the sire of those seen m the malignant l3mpho- 
cytoina (fig IB) The cells were larger than immature lymphocytes, 
and some evidence of phagocytosis was observed Nucleoli vere not 
pi eminent, and the chromatin was diffusely dusted throughout the 
nucleai substance The cytoplasm was somewhat eosinophilic and was 
consideiable in amount There was no evidence of formation of reticu- 
lum, as determined by the Galantha modification of Eiclschowsk} ’s silver 
impiegnation method Throughout the tuinois there were larying 
numbers of small matin c lymphoc)'tes, and the cells were not always 
unifoim m size oi shape Some portions were rather compact, but 
m most sections the ccllulai stiucture w’as loose In regions where 
connective tissue was piescnt, the tumor cells w'eie seen to haie their 
long axes parallel to the long axes of the fibeis of cnnnectne tissue 

The infiltratne quality of the tumoi cells w'as notable, and the 
musculai tissues as well as the capsules of the iinohed h'inph nodes 
were fiequently penetiated and destioy^ed In some sections, iniasion 
of blood vessels w^as also noted The structure of the imolved lymph 
nodes w^as identical with that of the piimai} tumor m the stomach 

The absence of reticulum is a characteristic consistent with the obser- 
vations of Richtei and Gall ** In icviewmg cases of malignant 
lymphoma of the stomach at the Massachusetts General Hospital, Gall 
noted the absence of foi mation of reticulum It is know n that tumor cells 
do not necessarily cany on the functions of the tissues fiom which thei 
arise It has been suggested by Kaufmann and Ribbert that deinor- 
stiation of reticulum is facilitated by W'ashing out the cells This pio- 
cedure, however, could not be follow^ed in any of our studies 

DirrCRENTIAL DIAGNOSIS 

Tumoi s w^hich might be confused wnth reticulum cell saicoma are 
(1) malignant lyinphocytoma, (2) Hodgkin’s disease, (3) very cellular 
caicinoma, (4) endothelioma, (5) hypei jdastic noncaseous tubei^ulosis 
and (6) giant follicle lymphoma (giant follicle hy^perplasia) 

The malignant lymphocytoma, oi small round cell lyinphosaicoma, 
IS a tumor m which the involved lymphoid tissue is destroyed by lympho- 
cytes, usually immature, and in which the capsule and adjacent tissues 
are invaded It may or may not be associated with lymphatic leukemia 
Usually there is little fibrosis and no eosmophiha If plasma cells, 
eosinophils and normal lymphocytes are piesent, an inflammatory lesion 
must be considered 

10 Richter, M N Generalized Reticular Cell Sarcoma of Ltmph Nodes 
Associated with Ljmphatic Leukemia, Am J Path 4 285-292 (Jub) 

11 Gall, E A Personal communication to the authors 

12 Kaufmann and Ribbert, cited by Ewing, 4 p 414 
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The picture seen in Hodgkin’s disease is variable, depending largely 
on the stage of the development of the lesion Doiothy Reed has 
established the typical pictuie as it is known today Hodgkin’s disease 
IS charactenred morphologically b)'’ marked prolifeiation of lymphocytes, 
large and small, and by prolifeiation of endothelium with the formation 
of endothelial giant cells, ^arylng numbeis of eosinophils, plasma cells 
and fibi oblasts Eail}^ in the disease lymphocytes predominate with an 
associated endothelial cellular proliferation and some fibroblastic reaction 
According to Bunting,^'* the eaity lymphocytic stimulation is followed 
b)'^ a destructive action on these cells As the disease progi esses, the 
fibroblastic prolifeiation increases, and tiansitions from endothelial cells 
to giant cells soon occui These giant cells may be eithei uninuclear or 
multmucleai (Sternberg-Reed) giant cells Eosinophils are seldom 
absent but are not pathognomonic of this lesion Bunting maintained 
that they ma}' occui m any condition in which there is lymphocytic 
destruction The 6 cases of Hodgkin’s disease of the stomach encoun- 
tered m this stud}"^ were reported b)' one of us (Madding 

At times it IS impossible to differentiate absolutely a very cellular 
carcinoma from a reticulum cell sarcoma Alveolar and glandular 
arrangements, the relationship of the long axis of the cells to stiands 
of connectn e tissue, the presence and size of nucleoli and the presence of 
mucus in the tumor are factois aiding m this differentiation When 
we stained reticulum cell sarcomas by the Galantha method for mucin, 
we found no evidence of this substance 

Endothelioma of lymphoid tissue at times may be indistinguishable 
from reticulum cell sarcoma Although the endothelial cell is ordinarily 
a large, flat cell with a laige, oval nucleus, it may assume many shapes 
when found in the tumor The endothelial cells are often found arranged 
in sheets or cords, and tumors aiising from these cells not only are very 
rare but are much less malignant than sarcomas There is often a 
definite relationship of the tumor cells to the endothelium of the sinuses 
and blood vessels This tumor is rather radiosensitive and is thus greatly 
m contrast to the reticulum cell sarcoma 

Chronic hyperplastic noncaseous tuberculosis (Boeck’s sarcoid), 
although rare, may produce symptoms confusing to one attempting a 
differential diagnosis morphologically It closely resembles reticulum 
cell sarcoma, but certain characteristics of the sarcoma, namety, the large 
endothelial cell proliferation, the presence of giant cells and the absence 

13 Reed, D On the Pathological Changes in Hodgkin’s Disease, with Especial 
Reference to Its Relation to Tuberculosis, Johns Hopkins Hosp Rep 10 133-196, 
1902 

14 Bunting, C H Diseases of the Lymph Glands, in Nelson New Loose-Leaf 
Medicine, New York, Thomas Nelson & Sons, 1937, vol 3, pp 347-368 

15 Madding, G F Hodgkin’s Disease of the Stomach Report of Six 
Cases, Proc Staff Meet, Ma 3 0 Chn 13 618-623 (Sept 28) 1938 
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of lymphoc)'tic hyperplasia, aie factors aiding in the diagnosis In 
difficult cases resort may be had to inoculation of guinea pigs 

In giant follicle lymphoma there is seen in both the cortex and the 
medulla a diffuse distribution of the germinal centers composed of pale, 
uniform cells of uncertain origin The absence of necrosis, of poly 
moi phonuclear leukocytes and of phagocytosis serves to distinguish the 
condition from that of a purely inflammatory lesion Giant follide 
lymphoma is a relatively benign form of malignant l^unphoma, as shovn 
by the dearth of mitotic figuies, and is one of the particular!}’ radio 
sensitive types of tumors However, some patients with this lesion 
piesent the terminal picture of a patient who has lymphosarcoma 

CLINICAL rCATURnS 

Age — Reliance on age of the subjects in stud} ing the incidence of 
leticulum cell sarcoma of the stomach is as dangerous as in studying 
that of gastric caicinoma Reticulum cell sarcoma of the stomach is a 
disease of later life, the average age of the patients being 46 7 years Our 
graphs show^ed that the peak of the incidence occurs betw’een 40 and 49 
yeais and that 70 pei cent of the tumors occur between the fourth and 
the seventh decade The youngest patient w’as 22 }ears old, and the 
oldest, 66 These figuies agiee closely with those for malignant lympho- 
cytoma, with the exception that in graphs of 1} mphocytoma the peak of 
incidence is in the sixth decade In our series the average age for the 
entile group of patients W'lth sarcoma of the stomach w’as 502 }ears 
Balfour and McCann reported the ay erage age of patients yvith 
carcinoma of the stomach as 61 — in other yvoids, that theie is a difference 
of 14 3 years between the average age of patients suffei ing from reticu 
lum cell sarcoma of the stomach and the ay’erage age of patients Iiai’ing 
carcinoma of the same organ 

Sex Sex, too, played a pait in the incidence of reticulum cell 
saicoma, men outnumbeimg yvomen 6 1 Cheevei and Douglas 
stated the opinion that gastric sarcoma is evenly distributed between 
the sexes, but throughout the entire gioup of sarcomas of the stomach 
levieyy’ed at the clinic tumois among men predominated 

REGIONAL DISTRIBUTION 

In the cases which we studied leticulum cell saicoma yy’as found most 
often on the lesser curvature and on the posteiioi yvall of the stomach, 
the regions in which the majority of all malignant lesions of the stomach 

16 Balfour, D C, and McCann, J C Sarcoma of the Stomach, Surg, 
Gynec & Obst 50 948-953 (May) 1930 

17 Cheever, D Clinical Aspects and Treatment of Primary Lymphosarcoma 
of the Stomach and Intestines, Ann Surg 96 911-923 (Nov ) 1932 

18 Douglas, J Sarcoma of the Stomach, yvith Report of Three Cases, Ana 
Surg 71 628-636 (May) 1920 
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are found This obseivation is not in keeping with the opinion e\piessecl 
by Lubarsch and Henked'’ that sarcoma seldom occurs on the lesser 
curvature The peicentages of the commonei sites of occunence of 
both reticulum cell sarcomas (large lound cell lymphosarcomas) and 
malignant lymphocytomas (small round cell lymphosai comas) are con- 
tained m table 2 

SIGNS, StMPTOMS \ND LABORATORY OBSERVATIONS 

Sarcoma of the stomach presented no typical picture, and only a few 
of the patients had the classic history for neoplastic involvement of the 
stomach A short history presented by a previously healthy person 
proved more valuable for diagnosis than specific symptoms of a non- 
malignant condition The symptoms, of course, depended on the si/e 
and site of the lesion, on the type and extent of the growth and on 
the patient’s reaction to a departure from his normal condition 

Table 2 — Site of Occunence (by Percentage) of Rettcuhm Cell Sat coma and 
Malignant Lvntphosarcoma of the Stomach 


Type of Sarcoma 



Reticulum 

Malignant 


Cell, 

Lymphocytoma 

Site 

per Cent 

per Cent 

Lesser curiature 

25 

25 8 

Posterior wall 

25 

95 

Pylorus 

15 

9 5 

Greater curvature 

10 

4S 

Cardiac portion 

10 

00 


According to our observations, the reticulum cell saicoma aiises fiom 
the reticular cells of the lymph follicles in the submucosa, spreads from 
there by permeation and invades the various layeis of the stomach 
Since the sarcoma originates in the submucosa, the mucosa itself is not 
early involved and ulceration does not occur in sarcoma of the stomach 
as soon as it does m carcinoma of the stomach Because of the proximity 
of the sarcoma to the submucous plexus of nerves, pain is a very common 
feature In all the cases of reticulum cell sarcoma studied, pain was 
present, either generalized throughout the abdomen or, more often, 
localized in the midepigastrium In some instances the history was like 
that typical of peptic ulcer The pain, however, did not respond as 
well to the usual treatment of ulcers and was not periodic, as that of 
ulcers often is Some patients complained of belching, anorexia, epi- 
gastric nocturnal pam and loss of weight and strength Six of the 21 
patients complained of vomiting, which in 3 instances was caused by 
involvement of the pylorus by the neoplasm In 1 case only was gross 

19 Lubarsch, O , and Henke, H Handbuch der speziellen pathologjschen 
Anatomie und Histologic, Berlin, Julius Springer, 1926, \ol 4 pt 1 
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blood noted in the stool Reticulum cell sarcoma does not show large 
masses piojecting into the leaves of the omentum or into the free peri- 
toneal cavity, as fibrosarcoma and leiomyosai coma Consequently, a 
palpable tumor was not often found 

The duration of symptoms of reticulum cell sarcomas ranged from 
two months to seveial years, but as a rule the course was shortei than 
that of malignant lymphocytoma or carcinoma The average duration 
of symptoms of leticulum cell sarcoma in inoperable patients was thirty- 
seven months In 20 per cent of the cases the family history indicated 
a background of malignancy Although there was always loss in weight, 
It varied m amount, the mean loss being 25 pounds (about 11 Kg ) 

Gastric analysis (Topfer’s test) showed achlorhydria in 67 pei cent 
of the cases of leticulum cell sarcoma, normal acids in 20 per cent, and 
free acid but in subnormal amounts in 13 per cent The blood picture 
was of the type associated with othei tumors involving the stomach, 
but the anemia was not as extreme as it is in the presence of carcinoma 
of the stomach This is perhaps due in pait to delayed ulceration of 
the sarcomatous lesions The anemia that w'e obser\ed w’as of the 
microcytic hypochromic type, with a hemoglobin content averaging 84 
per cent and a mean erythrocyte count of 4,500,000 The leukocyte 
counts weie normal, averaging 8,200 There were not sufficient differ- 
ential deteiminations of leukocytes from which to form any conclusions 
(It IS interesting to note that in 1 instance an associated lymphatic 
leukemia w^as found to afflict a patient who had generalized reticulum 
cell sarcoma of the lymph nodes ) The temperature w^as normal in all 
cases but 2, in which readings of 99 and 99 6 F were recorded at the 
time of the initial examination 

DIAGNOSIS BY ROENTGEN EXAMINATION 

Since roentgen examination failed to lead to the coriect diagnosis 
in any of the cases, it seems reasonable to conclude that roeqlgeao- 
graphically there are no absolutely diagnostic characteristics of the lesion 
The roentgen diagnosis most often made w^as “carcinoma,” but the 
roentgenographic examination was important as giving an index to 
the operability of the lesion Holmes, Dressei and Camp"® expressed 
the opinion that there is nothing diagnostic in the roentgenographic 
appearance of lymphosai coma of the stomach, but said that m some 
cases of lymphosarcoma peristalsis is not interfeied with as much as m 
most cases of carcinoma of the stomach This group of reticulum cell 
sarcomas of the stomach were diagnosed by loentgen examination 
carcinoma in 15 cases and as ulcei m 2 cases The condition was pm 

20 Holmes, G W , Dresser, R, and Camp, J Lymphoblastoma, Radiolog' 

7 44-50 (July) 1926 
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nounced noimal in 1 case and in 2 cases no examination was made 
Accoiding to Schlcsmgei a stomach involved by saicoma will not 
dilate dining insufflation, but theie is no leason to believe that a stomach 
diftuseK miohed by sciiihous oi mucous carcinoma would dilate under 
similai circumstances 

METASTASIS 

The manner and loute of dissemination of leticulum cell saicoma 
depend largel}’ on the location of the tumoi m the stomach The spread 
IS achie\ed usually by the lymphatic system, but we obseived evidence 
of imasion of the blood vessels in some sections Because the sarcoma 
often occuis on the lesser curvature of the stomach, the lymphatic vessels 
which diain toward the liver are usually involved after the perigastric 
hmph nodes have been invaded Metastatic lesions occuried in 65 per 
cent of the cases of reticulum cell sarcoma and in 70 per cent of the 
cases of malignant lymphocytoma Flebbe -- gave the following list 
to show the order of frequency in wfflich the various organs are affected 
b} metastasis regional lymph nodes, liver, mesentery, colon, pei itoneum, 
omentum, o^ ary, pancreas, bones, pleura, lung, testicle, spleen, diaphragm, 
kidne}, adrenal and skin 

TREATMENT AND PROGNOSIS 

Surgical treatment has more to offer to patients having sarcoma 
of the stomach than to those having caicinoma Until the advent of 
radiation therapy, the treatment was the same for the two conditions, 
namely, an attempt at radical extirpation Our studies show^ed that of 
patients wnth reticulum cell sarcoma 90 pei cent resorted to operation , 
of those with malignant lymphosarcoma, 66 per cent Among patients 
having both types of lymphosarcoma encountered at the clinic, the per- 
centage of operations was higher than among patients having carcinoma 
of the stomach, according to Ranschoff and Dickson The patients 
whose reticulum cell saicoma was treated by surgical procedures alone 
had an average life span of three and thirty-eight hundredths years, as 
contrasted with three and thirty-one hundiedths years for those on v/hom 
radiation therapy was used as an adjunct In neither of these groups 
were patients included who died of postoperative complications (pneu- 
monia, peritonitis and embolus) Of the entiie group of patients who 
had reticulum cell sarcoma of the stomach and who were treated at the 
clinic, 41 per cent are still living, the longest survival period foi any 

21 Schlesinger, H Unterscheidet sich das Magensarkom klmisch \on 
Karzinom ^ Wien khn Wchnschr 29 785-791, 1916 

22 Flebbe, G Ueber das Magensarkom, Ztscbr f Path 12 311-336, 1913 

23 Ranschoff, J L , and Dickson, T R Sarcoma of the Stomach, Ann Surg 
97 68-73 (Jan ) 1933 
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patient in this gioup was fifteen years at the time the person was last 
heard from The duration of life was directly related to the presence 
or absence of involvement of the lymph nodes As with carcinoma, 
the grade of malignancy of the tumor and the amount of involvement 
of lymph nodes, which closely parallels the malignancy, were the hvo 
important factors m determining the prognosis Of the reticulum cell 
sarcomas, 65 per cent were found at the time of operation to ha\e 
involved the lymph nodes The life span of the group of patients with 
such involvement was two and seventy-nine hundredths years, as com- 
pared with four and eight-tenths years for the group of patients having 
no involvement of the lymph nodes Age and sex played no part in 
the prognosis for this group 

In comparing the figures for the group of patients having reticulum 
cell sarcoma with those for the group having malignant lymphocytoma, 
one finds that the latter have the better life expectancy The patients 
having malignant lymphocytoma who were treated by surgical means 
alone had an average life of five and six-tenths years postoperatively, 
as contrasted with three and sixty-five hundredths )'ears for those treated 
by surgical intervention followed by irradiation Of the patients with 
malignant lymphocytoma, 56 per cent were still living when last heard 
from Two of these patients w^ere living and well fourteen years aftei 
their operation One died seven years postoperatively of pyelonephritis, 
at neciopsy no evidence of the tumoi was found For only 1 of the 
patients, who achieved a fourteen yeai cure, was roentgen therapy used 
m addition to a surgical procedure 

From the aforementioned statistics, one obtains the impression that 
a patient having malignant lymphocytoma (small round cell lympho- 
sarcoma) has a better prognosis than does a patient having leticulum 
cell sarcoma This idea conflicts with the opinion expressed by Jackson,' 
who, in a general discussion of the lymphomatoses of the body without 
special reference to the stomach, said that reticulum cell sarcoma remains 
localized foi a longer period than malignant lymphocytoma and that 
prompt surgical removal makes possible a longer survival for some 
patients 

On the reactivity of the two types of tumor cells to roentgen therapy, 
there seems to be some uniformity of opinion Krumbhaar and Lalung- 
Bonnaire and Bablet^® stated the opinion that reticulum cell sarcomas 
are more resistant to this form of therapy than are malignant lympho- 
cytomas In the cases of reticulum cell sarcoma of the stomach encoun- 

24 Jackson, H The Classification and Prognosis of Hodgkin’s Disease and 
Allied Disorders, Surg , Gynec & Obst 64 465-467 (Feb ) 1937 

25 Lalung-Bonnaire and Bablet A propos des sarcomes ganghonnaires du 
cou les tumeurs d’origine reticulo-endotheliales, Presse med 2 1194 (Sept S) 
1925 
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tered at the clinic loentgen therapy seemed to play no pait m inci easing 
the life expectancy This seemed tiue also m the gioup of patients 
having malignant lymphocytoma , m that group the patients given only 
surgical tieatment lived an aveiage of one and ninety-five hundiedths 
years longer than those given both smgical and loentgen theiapy How- 
ever, of tlie patients receiving both suigical tieatment and loentgen 
therapy, S3 pei cent had glandular involvement Of the patients having 
malignant l 3 ’'mphocytomas and receiving only surgical treatment, only 
65 per cent had glandular involvement Thus, one may see that the 
group of patients to whom roentgen theiapy was given as a supplement 
to surgical treatment had from the beginning a pooiei prognosis, because 
of the more extensive involvement 

Of the group of patients having malignant lymphocytoma, 6 were 
found to be inoperable On 3 of them roentgen therapy was used, with 
the result that 1 patient was living and w'^ell two and one-half j'^ears 
after the roentgen therapy was given and the other 2 lived an average 
of two and two-tenths years The other 3 patients with inoperable 
malignant 1} mphocytoma, rvho did not receive any form of treatment, 
were dead within four months 

Of the 2 patients having reticulum cell sarcoma which w^as found 
to be inoperable, 1 was given roentgen therapy and died on the way 
home, the other, who received no treatment, died foui months post- 
operatively, of hemorrhage 

Another interesting feature of our series was the comparison of the 
prognosis for reticulum cell sarcoma and malignant lymphocytoma with 
that of other sarcomas of the stomach According to D’Aunoy and 
Zoeller,^® pedunculated or spindle cell sarcoma, with which they included 
leiomyosarcoma and fibrosarcoma, has a better prognosis than the infil- 
trating type of sarcoma, which includes the reticulum cell sarcoma and 
the malignant lymphocytoma This w'as not true of the group of sar- 
comas encountered at the clinic In our senes the average life span 
for patients having spindle cell saicoma was three and three-tenths 
years, only 1 patient being inoperable at the time of exploration The 
average life span of patients having reticulum cell sarcoma and malignant 
lymphocytoma was three and ninety-eight hundredths years 

These observations are supported by the opinions expressed by 
Jones and Carmody^^ and also by Collins,-® all of whom found that 

26 D’Aunoy, R , and Zoeller, A Sarcoma of the Stomach Report of Four 
Cases and Review of the Literature, Am J Surg 9 444-464 (Sept) 1930 

27 Jones, T E , and Carmody, M G Lymphosarcoma of Stomach Report 
of Case with Nineteen-Year Surgical Cure, Ann Surg 101 1136-1138 (April) 
1935 

28 Collins, E N , and Carmody, M G Lymphosarcoma of Stomach Report 
of Four Cases, Am J Digest Dis & Nutrition 3 884-888 (Feb ) 1937 
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patients having round cell lymphosarcoma comprised the greatest number 
of those surviving the five year period The case reported by Jones and 
Caimody was one of lymphosarcoma of the stomach, the patient v as 
living and well nineteen yeais postoperativelj — the longest survnal period 
of any patient having sarcoma of the stomach reported in the literature 
Among the patients encountered at the clinic, 56 per cent of those 
who had malignant lymphocytoma are still living, as compared vith41 
per cent of those who had reticulum cell sarcoma Eighteen per cent ol 
the patients who had leiomyosarcomas are still living, and 62 per cent 
of those who had fibrosai comas The number of patients in this senes 
is perhaps too small to permit formation of any statistical conclusions 
In connection with this consideration of the results obtained in treat- 
ing with roentgen theiap}' patients having inoperable lymphosarcoma, 
It IS interesting to note the classic experimental \\ork of Heineke,-“ \\lio 
demonstrated well the effect of radiation on various tissues of the bod) 
Numerous animals were irradiated for varying periods and then killed, 
sections of all tissues were immediatelj^ made It was the lymphoid 
tissue which responded fiist and most markedly to this irradiation The 
lymphocytes bordering the follicles were the first to disintegrate, and 
these were replaced by epithelial cells The clear, large cells in the 
center of the lymph follicles did not disintegrate, but seemed to become 
phagocytic These epithelioid cells were of questionable origin HeineKe 
stated the belief that they weie derived from the supporting structure 
of the lymph node Ribbert, Zeigler and Kaufmann declared that 
they were transformed endothelium of the supporting tissue of the Ivmph 
node Councilman, Mallory and Pearce®^ said that they were pro 
hferated endothelium of the reticulum 


COMMENT 

Review of the cases of leticulum cell saicoma and malignant lympho 
cytoma encountered at the Mayo Clinic confii ms the general impression 
that lymphosarcoma is an uncommon condition but contiasts wuth the 
general opinion that the two tumors have a better pi ognosis than leioni} o 
sarcoma and fibrosarcoma Reticulum cell saicoma and malignant 
lymphocytoma are as insidious in then development as caicmoma, an 
neither lesion seems to offer a greater probability of i eaching the surgeon 
in an early and operable stage 


29 Hemeke, H (a) Experimentelle Untersuchungen uber die EinwirkuBo 
der Rontgenstrahlen auf innere Organe, Mitt a d Grenzgeb d Med u Chir 1 
21-94, 1905, (b) Ueber die Einwirkung der Rontgenstrahlen auf Tiere, Mime 
med Wchnschr 50 2090-2092 (Dec 1) 1903 

30 Ribbert, Zeigler and Kaufmann, cited by Hemeke 

31 Councilman, Mallorv and Pearce, cited by Hemeke 
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In the stomach, the ladical operabiht}' was low, and diffeiential diag- 
nosis to distinguish lymphosarcoma from caicinoma was impossible On 
the basis of the histones at the clinic, it seemed safe to conclude that 
both reticulum cell sarcoma and malignant lymphocytoma remain local- 
ized for some time Thus, a radical cure by total extirpation is possible, 
and this should be the goal m er ery instance 

It seemed erident fiom the malignant lymphoc} tomas which wtie 
found to be mopeiable that iiiadiation played a part in piolongmg the 
life of the patients This, however, was not true of the inoperable 
leticulum cell sarcomas, of which theie were only 2 It would seem, on 
the strength of this survey of a group of patients having sarcoma of 
the stomach, that it is highly desirable and practicable to perform an 
exploratoi} operation and to obtain a biopsy specimen, even foi patients 
concerning whom the clinical evidence points stiongly to the presence 
of an inopei able growth A differentiation of the two types of so-called 
lymphosarcoma may then be made, and patients having malignant 
lymphocytoma (small round cell lymphosarcoma) may be given the 
benefit of roentgen therapy 

Borzell®" suggested the use of radiation theiapy for patients with 
lesions clinically found to be inoperable, with the hope of i educing the 
size of the lesion m a certain peicentage of cases In othei words, pre- 
operative intensive irradiation probably would convert an inoperable 
lesion into one m the stage of operability Above all, it seems important 
to differentiate the two types of lymphosarcoma, so that adequate evi- 
dence may be accumulated as to the exact histologic type of neoplasm 
which can be benefited by roentgen therapy 

CONCLUSIONS 

Sixty-seven cases of sarcoma of the stomach ivere studied, of ivhich 
group 30 pel cent weie cases of reticulum cell saicoma (large round 
cell lymphosarcoma) and 32 per cent of malignant lymphocytoma (small 
round cell lymphosarcoma) 

Morphologically, reticulum cell sarcoma is characteristic The typical 
cells are laige and pale, with nuclei of bizarre configuration, most of 
which are round, oval, remform or horseshoe shaped Nucleoli are not 
prominent, and the chromatin is diffusely dusted throughout the nuclear 
substance There is no evidence of formation of reticulum 

Conditions which might be confused morphologically with lympho- 
sarcoma are (1) malignant lymphocytoma, (2) Hodgkin's disease, 

32 Borzell, F F, in discussion on Drane, R A. Brief Consideration of 
Sarcoma of the Stomach Report of a Case of Primary Lymphosarcoma, Am J 
Roentgenol 34 757-758 (Dec ) 1935 
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(3) very cellular caicinoma, (4) endothelioma, (5) noncaseous tuber- 
culosis and (6) giant follicle lymphoma 

Clinically, it is impossible absolutely to differentiate reticulum cell 
sarcoma from other neoplastic lesions involving the stomach 

Treatment of lymphosaicoma of the stomach should be surgical 
removal when possible, with roentgen therapy used as an adjunct in the 
treatment of the malignant lymphocytoma 

Prognosis for the combined group of lymphosarcomas of the stomach 
IS better than it is for carcinoma involving this organ The entire group 
of lymphosarcomas of the stomach observed bj^ us had a better prognosis 
than did the gioup of lei omyosai comas and fibrosarcomas 

It IS piacticable to differentiate the two types of lymphosarcoma of 
the stomach, because of the morphologic variation and also because if 
differentiation is made, adequate evidence may be accumulated as to the 
exact histologic tj'pe of neoplasm which may be benefited by roentgen 
therapy 



PRIMARY CARCINOMA OF THE TERMINAL 
PORTION OF THE COMMON BILE DUCT 

B PINES, M D 

AND 

J RABINOVITCH, MD, CM 

BROOKLYN 

It IS pioposed to present in this paper some of the salient featuies 
of carcinoma of the teimmai portion of the common bile duct with 
special reference to its pathologic picture and atypical symptoms The 
following observations aie based on 17 cases of carcinoma of this aiea 
collected from the records of the Jewish Hospital In S of these 
cases neciopsy was pei formed, which allowed us a more detailed study 
of the pathologic changes Analysis of the case histones was instigated 
by the considerable literature on the subject which has accumulated 
within recent ) ears, and some of the striking features that became mani- 
fest from this analysis are the following interesting facts fiist, the dis- 
covery in a relatively large percentage of cases of an acute inflammatory 
process of the gallbladder as the outstanding characteiistic at or about 
the time of the fiist examination, second, the frequent finding of con- 
conutant changes in organs adjoining the bile duct, which gave rise 
to symptoms that overshadowed at times those produced by the primary 
lesion in the bile duct and rendered clinical diagnosis difficult 

It is not within the scope of this paper to review m detail the 
etiology, pathology and symptoms of carcinoma of the bile duct, as this 
information is readily available in any of the numerous publications on 
the subject, but rather to discuss a few of the more salient factors which 
should be borne in mind when one is called on to treat this condition 
An analysis of the voluminous literature on carcinoma of the bile duct 
has been presented in an admirable paper by Lieber, Stewart and Lund ^ 
The historical phase, therefore, has been deleted from this paper 

We wish to state at the outset that the present study is concerned 
with neoplasms confined to the terminal portion of the common bile 
duct, including the ampulla and the papilla of Vater It is not con- 
cerned with lesions arising from the duct above the duodenum or with 
tumors arising from the duct of Wirsung or the duodenum 

From the Department of Surgery and the Department of Pathology, the 
Jewish Hospital 

1 Lieber, M M , Stewart, H L, and Lund, H Carcinoma of the Pen- 
papillary Portion of the Duodenum, Ann Surg 109 383 (March) 1939 
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The clinical manifesations of carcinoma of the terminal portion 
of the bile duct aie subject, by reason of the anatomic peculiarities of 
the part, to many variations The close proximity of the duodenum 
to the bile duct and the close anatomic relation which exists between 
the pancreas, liver and gallbladder as their ducts meet in this nairow 
zone of the bile duct is responsible for the secondary pathologic changes 
and clinical complications that arc apt to occur in cases of this condition 
The same anatomic relation of these structures permits a great vanet\ 
of symptom complexes even in the presence of a trivial lesion in the 
duct It IS well to beai in mind also that the site m which sjmiptonib 
first appear is not necessarily that in which the disease develops Thus, 
a growth situated at the point of entry of the common bile duct and 
the pancreatic duct into the ampulla causes interference uith the out- 
flow”^ of biliary and panel eatic secretions into the duodenum, this m 
turn gives rise to far-reaching pathologic changes in the Iner, gall- 
bladder and pancreas and causes symptoms peculiar to the organ thus 
affected Occasionally, too, the growth in the duct is accompanied bv 
calculous deposits in the biliary and pancreatic ducts, or the ductal 
growth may invade the duodenum and cause necrosis and ulceration ot 
Its wall Such complicating factors give rise to a rather misleading 
clinical pictuie and lender diagnosis difficult In summarj it mar be 
said that the sjnnptoms of carcinoma of the teimmal portion of the bile 
duct are not entirely dependent on factors inherent in the grow th itself 
but are influenced also by a variety of other factors, the most important 
of which are the anatomic configuration of the part affected, the trpe 
and location of the tumor, the extent of dissemination of the tumor 
and the secondary inflammatory changes which so often foiin part of 
the pathologic picture 

AGE A2S1D SEX 

The ages of the patients in this series ranged from 38 to 68, aver- 
aging 56 5 These figures are m accord with the records collected trom 
the literature, and they are also in harmony with the general incidence 
of cancer of any organ of the body There weie 12 men and 5 w'omen, 
a ratio of approximately 2 1 

ANATOMIC CONSIDERATIONS 

As carcinoma of the bile duct is closely related to the histologic 
structure of the duct, it will be necessary to restate the cardinal features 
of the old and new concepts of its minute anatomy, with special 
emphasis on these aspects that are relevant to the purpose of this paper 

Kiernan,' as early as 1833, first described accessorj glandlike struc- 
tures within the walls of the bile ducts w^hich communicate w'ltb 

2 Kiernan, F The Anatomy and Physiology of the Liver, Phil Tr- 
London 123 711, 1833 
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the lumen numeious minute onfices Seveial yeais latei, Theile® 
sho^\ed that these stiuctuies consist of branching clusteis terminating 
frequently in small cecal diverticula, he considered them to be small 
mucous glands Beale ^ w as the fii st to use the term parietal saccule 
for the mucous glands of Kiernan and Theile, he consideied them 
ductal diveiticula lather than mucous glands and found that they 
occurred not only in the common and hepatic bile ducts but within the 
smaller ramifications of the mtrahepatic bile ducts In most textbooks 
on histolog)^ these saccules ai e refei red to as glands of the ducts From 
a number of serial sections of the normal distal portion of the common 
bile duct which \\e recovered at necropsy shortly after death, the only 
structures present in the walls of the ducts which might be interpreted 
as mucous glands are the parietal saccuh These structuies, when sec- 
tioned at levels not showing then communication with the lumen of 
the mam duct, resemble glandular elements According to Cox,^ they 
are not to be considered as true glands, for both anatomic and physio- 
logic reasons He sho\\ed that m the case of biliar)'^ obstruction of 
whate^er cause these saccuh dilate m the same fashion as do the bile 
ducts and that their epithelial lining exhibits the same fat-absorptive 
property as does that of the epithelium of the bile ducts and gallbladdei 
This investigator concluded, therefore, that there are no such structures 
as true mucous glands of the bile ducts It is true that their epithelium 
secretes mucus, but the same holds true m the case of epithelium of the 
ducts and of the gallbladder Besides, they never contain mucus m any 
greater amount than do the cells covering the main ducts and the gall- 
bladder (fig 1) 

The view held by Cox is analogous to the view we have expressed, 
although we seem to differ in one respect, namely, that m addition to 
the aforementioned changes we have noted in the normal bile duct 
villous structures which project from the surface mucosa into the lumen 
As we understand, or perhaps misunderstand, the conclusions of Cox 
similar villus-like folds were described by him to be present only m 
pathologic bile ducts, he considered them to be the walls or lips of 
dilated saccuh which appear m cases of biliary obstruction 

3 Theile Die Leber, in Wagner, R Handworterbuch der Physiologic, 
Braunschweig, F Vieweg u Sohn, 1842-1853, vol 2, pp 349-351 

4 Beale, L S On Some Points in the Anatomy of the Liver of Man and 
Vertebrate Animals, London, John Churchill, 1856, pp 31-80, Lectures on the 
Principles and Practice of Medicine The Liver, London, J & A Churchill, 1889 

5 Cox, F W Changes in the Bile Ducts and Parietal Saccuh Following 
Absence of the Gall Bladder, Surg , Gynec & Obst 55 168 (Aug) 1932 
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P \THOGnXESIS 

The following obser\ations aie based on a senes of 8 cases of car- 
cinoma of the terminal portion ot the common bile duct in iihicli 
necropsy was performed Grossh, the tumor was either a small, sott 
friable papillary lesion or a firm, nodular growth which caused partial 
or complete obstruction of the bile duct The sectioned surfaces iierc 
usually gray The size of the tumor was determined m all 8 cases, 
the largest growth measuring 4 In 3 cm and the smallest 5 mm in 



1 — Section of the normal bile duct close to the ampulla The Iinin= 
epithelium, w'hich is of the tall columnar t\pe, shows numerous dnerticula 
become detached in places and gne rise to glandlike structures (saccuh) 
within the wall of the duct 

diameter In certain instances the jniinai} tumor in the duct was ot 
insignificant size and appearance, jet its iiiAasion into adjoining struo 
tures, such as the duodenum, w'as extensn e It wms difficult to decide 
m these cases which w^as the primar}' and wdiich the secondart les’ein 
The size of the tumoi was not conclusn^e etidence, for a secondan 
grow^th maj" be laiger than the pi unary growth In 1 instance a 
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primal y carcinoma of the ampulla was erroneously diagnosed as pri- 
mary m the duodenum, but micioscopic examination of the specimen 
proved it to be of ductal oiigin The symptoms of carcinoma of the 
two organs are similai, although carcinoma of the ampulla probably 
gives rise to symptoms earlier than does a lesion of the duodenum 
In only 1 of the 8 cases was the ampulla sufficiently dilated to allow 
free escape of bile into the duodenum When the giowth had caused 
partial or complete blockage to the outflow of bile there occui red various 
degrees of dilatation of the biliary channels, including the gallbladder 
In 1 case the common bile duct was so dilated as to be mistaken at 
first sight for the gallbladder Accompanying the dilatation of the 
ducts there was generally found an associated mflammatoiy reaction 
Microscopically, all the tumors stained with hematoxylin and eosin 
showed a strikinglj'^ morphologic similarity to the normal parietal 
saccuh lying within the wall of the bile duct The epithelium of the 
growth was in geneial of the tall columnar type, and the stiucture was 
that of an adenocaicinoma There were acini and tubules lined by 
columnar cells and set m a stioma of relatively dense fibrous connective 
tissue Evidence of secietory activity of these cells was furnished by 
the presence of mucin within the cellular cytoplasm and within the 
acini Many of the cells contained small droplets of mucin in their 
cytoplasm, and some of them were swollen to signet ring shape by a 
large globule of this substance, which distended the cell and forced the 
nucleus to one edge A cell thus distended may burst, discharging its 
mucinous content into the lumen or into the connective tissue spaces 
(% 2 ) 

In most cases the cells were obviously malignant, but in others the 
appearance was not greatly different from that of the normal cells of 
the mucosa and the parietal saccules In cells free of mucin the nuclei 
were relatively large, deeply stained and basally placed, leaving a 
peripheral, somewhat palely stained granular cytoplasm Mitotic 
figures were relatively few, which designated a low degree of malig- 
nancy The stroma was irregularly distributed amidst the various 
epithelial structures and was infiltrated with various amounts of inflam- 
matory cells In certain cases the tumor showed extensive necrosis, 
and this was usually associated with a marked inflammator}^ reaction 
The close similarity in both architectural pattern and secretory 
activity of the tumor cells to those of the parietal saccuh is striking and 
at once suggests a genetic relation We are thus of the opinion that 
these tumors of the bile duct probably have their oiigm from the 
parietal saccuh lying within its wall 

In the great majority of cases carcinoma of the bile duct spreads by 
direct invasion of the neighboring viscera and the regional lymph nodes 
The growth is rarely disseminated to distant organs e^ en in its terminal 



140 


ARCHIVES OF SURGERY 


phase Eaily in its course, however, it invades locally and understeps 
the limits of successful removal The duodenum is generally the first 
oigan to be involved It was involved in 5 cases of the present series in 
which autopsy was performed In^aslon into the duodenum takes place 
in the deeper layers of its wall, the mucosal surface remaining 
unaffected as a rule However, when the duodenal mucosa is also part 
of the tumor process, the clinical features may suggest a primary tumor 
of the duodenum rather than of the papilla This occurred in 2 cases of 



Fig 2 — Adenocarcinoma of the terminal portion of the bile duct Note the 
glandlike structure of the growth and the presence of mucus both within the 
cells and within the lumens 


our series , in each case it was associated with extensive neci osis, ulcera- 
tion and secondary infection of the duodenal wall 

Direct extension of the growth into the pancreas occurred in 2 cases 
In 1 the duct of Wirsung was obstructed, and this was associated with 
fat necrosis and a diffuse inflammatory process of the pancreas I” 
another similar obstruction of the pancreatic duct there were multipk 
abscess formations within the gland 
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The hvei showed evidence of biliary obstruction characterized by 
biliary and sacculai dilatation, round cell infiltration and fibroblastic 
proliferation 

The gallbladdei showed pai ticulai Ij'- interesting changes In 2 cases 
it was the seat of an acute suppurative process, and m 4 others it show'^ed 
evidence of empyema The mechanism responsible for the lesion in 
the gallbladder may be explained perhaps on the basis of an ascending 
infection from the infected tumor in the bile duct and adjoining duo- 
denum In all likelihood, however, the inflammation of the gallbladder 
was part of the general cholangitis secondary to biliary obstruction The 
nature of this complicated mechanism is of fundamental impoitance to 
a proper understanding of the etiology and a proper interpretation of 
the symptoms of suppurative cholecystitis w'hich complicate obstruction 
of the biliary duct When suppuration of the gallbladder occurs it gives 
rise to clinical symptoms which usually overshadow the primary lesion 
m the duct Many patients with carcinoma of the bile duct are first 
brought to the attention of the surgeon because of the acute fulminating 
process in the gallbladder, and at operation empyema of the gallbladder 
is found Should the patient recover from the operation, he usually 
succumbs soon after from the effects of the neoplasm m the duct 

The regional lymph nodes are involved about as often as is the 
duodenum, and their invohement may pieclude successful operation in 
cases in which extirpation of a localized mass might otherwise be con- 
templated In this series the regional lymph nodes were involved in 
only 2 of the cases in which necropsy was done Distant metastasis is 
uncommonly observed, even at autopsy It occurred in none of our 
cases 

S\ MPTOMS 

The onset of symptoms was acute in 10 cases and insidious in 7 
The earliest treated patient dated the onset of his illness back to three 
weeks prior to hospitalization, the latest eighteen months, giving an 
average duration of symptoms of five and two-tenths months An 
analysis of the larious symptoms showed that jaundice occurred m 16 
cases, in 10 of which there was piogressive and in 6 of ivhich theie w^as 
intermittent icterus Loss of weight occurred m 12 patients, anorexia 
in 10, vomiting in 5, pain in the right upper quadrant of the abdomen 
in 7, dyspepsia (i e , epigastric distress, eructation, flatulence and heart 
burn) in 9, chills and fever in 4, w'^eakness in 3, intolerance to fat m 2, 
diarrhea m 1 and fainting and hematemesis in 1 In addition to the 
aforementioned symptoms, light-colored stools and dark urine were 
obsen^ed by 14 of the patients and tarry stools by 2 

The outstanding physical findings consisted essentially of the follow- 
ing icterus, 16 cases, dermatitis factitia, 4 cases purpuric spots, 2 
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cases, palloi, 2 cases, cachexia, 1 case, malnutrition, 1 case, a large, 
palpable, film liver (from 2 fingcrbreadths below the costal margin to 
the level of the umbilicus), 15 cases, hepatic tenderness, 3 cases, gen- 
eral abdominal tenderness, 3 cases , spasm or er the upper right quadrant 
of the abdomen, 2 cases , tenderness and spasm over the gallbladder, 2 
cases , distention, 3 cases, and ascites, 1 case 

Laboratory studies yielded the following findings The urine showed 
the presence of bile in 14 cases Urobilinogen was absent in 4 cases, 
t 3 frosine cr) stals were present in 1 and no leucine cr 3 "stals in 1 Am 3 dase 
was absent in 1 

The icteius index of the blood was elevated m 11 cases, the lowest 
value was 31 2 and the highest 225, with an arerage of 112 for the 
series studied The van den Bergh test showed a direct immediate 
positive reaction in 9 cases and a biphasic reaction in 1 The sugar con 
tent was elevated m 6 cases, the values ranging from 125 to 174 mg 
per hundred cubic centimeters of blood In none of these cases was 
the patient knorvn to be diabetic The urea content was elevated m 7 
cases, ranging fiom 19 to 114 mg per hundred cubic centimeters of 
blood, with an average of 44 mg The level of cholesterol was elevated 
to 320 mg per hundred cubic centimeters of serum in 1 case Moder- 
ate secondaiy anemia w'as piesent in 5 cases, and severe secondar)' 
anemia, in 2 cases 

Gastric extraction show^ed hyperacidit 3 f and a stiongl 3 ’^ positive ben- 
zidine reaction in 1 case Duodenal extraction show'ed absence of bile 
both before and after the instillation of magnesium sulfate in 3 cases, 
a 4 plus reaction for blood in 1 case and no am 3 dase m 1 case 

Roentgen examination of the gastrointestinal tract gave negative 
results in 5 cases, in 2 cases it yielded evidence suggestive of a lesion 
of the head of the pancreas 

Studies of the gallbladder show'ed no visualization in 4 cases 
3 cases an opaque shadow of the gallbladder w^as seen m a flat roentgeno- 
gram 

While in some instances certain features are present with sufficient 
regularity to be suggestive of the primary lesion m the bile duct, yet 
because of the lack of any typical symptoms pathognomonic of the dis 
ease the diagnosis is not always clear Such facts, of course, open 
a field for wide speculation, but it is not our purpose to delve any more 
into the subject, aside from stating that a correct diagnosis may be 
made only by careful history taking and by physical and laboratory 
examinations 

A correct clinical diagnosis of carcinoma of the distal portion of the 
bile duct was made in 5 of the cases, or 29 7 per cent In a recent pub- 
lication by Lieber, Stewart and Lund it was noted that a correct diag' 
nosis was made m only 5 9 per cent of a series of 222 collected cases 
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In the remaining 12 cases of oui series the following diagnoses were 
made cholelithiasis and cholcdochohthiasis, 2 cases, carcinoma of the 
head of the pancreas, 4 cases , carcinoma of the stomach with secondary 
in\ohement of the bile duct, 2 cases, acute cholecystitis, 2 cases, 
cholecestitis and cholelithiasis, 1 case, and carcinoma of the gallbladder, 
1 case 

Xot only is difficulty encountered m making a correct diagnosis on 
clinical examination of the patient, but often even after intensive explor- 
ation of the abdominal organs at the time of operation the true nature 
of the disease cannot be ascertained Of 122 operative cases in Lieber, 
Stewart and Lund’s senes, an incorrect diagnosis was made at the time 
of operation in 39 In retrospect, the operative findings m our cases 
stronglv suggest the correct diagnosis They were overlooked, how- 
ever, because in each case the mam finding at operation pointed to a 
lesion elsewhere and not to the primar} growth m the bile duct Thus 
m 4 of the operative casfs the lesion noted when the abdomen was 
opened was empjema ot the gallbladder, and the operator, being satisfied 
as to the patient’s ailment, refrained from any further exploration It 
has been our experience that even at necrops> a correct diagnosis is 
not made in manj in-tan'-f - until the biliarv passages are widel> opened 
and explored 

We V ish to cite ‘ox.e ot the case reports from our senes as example' 
of the confusing clinic . picture v hich these patients present both to the 
clinician and to the op'^rator Of 6 of the operative cases, the lesion® 
m 2 were erroneou-I d-atmoseci as empvema of the gallbladder a'so- 
ated with cholangm® ^no hepatitis, m 2 others thev were diagnosed 
as caranoma ot th*" r/ad or the pancreas In the'e ca^es thej later 
proved to be carnnorrii or the ampulla and papilla of Vater 
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enlarged A cliolecystectomy was performed, and the pathologic diagnosis \\as 
acute cholecystitis Three weeks after the operation a bihar\ fistula developed 
and a cholangiogram taken through the fistulous opening revealed an obstruction 
of the papilla (interpreted as a calculus) , the bile ducts vv ere dilated Repeated 
cholangicgrams thereafter showed a distinct round shadow blocking the opening 
of the papilla The fistula soon closed, the patient recovered rapidlj, bile began 
to appear in the stools and the jaundice diminished The patient was then dis 
charged, apparently well He was readmitted five months later because of the 
development of painless jaundice associated with cla> -colored stools A gastro 
intestinal roentgen series was reported normal (fig 3) 



Fig 3 — Dilated common bile duct filled with dve In the papilla is seen a 
distinct round shadow suggestive of stone formation 


At reoperation the common bile duct was found tremendously dilate 
presented, however, a point of obstruction at the papilla which prevente 
passage of a probe A grating noise similar to that produced by a stone 
elicited on attempting to pass the instrument bevond this point 
recover the supposed stone through an opening in the duct failed 0” 
duodenal approach to the papilla there was no evidence of stone m the 
or in the duct A T tube was then inserted into the common bile duct, an 
abdomen was closed The patient failed to rally from the operation an 
SIX days later 

At autopsy there was found a carcinoma of the papilla with extension 
duodenum The duodenal mucosa immediately adjoining the papilla 
ulcerated There were regional metastases to the Ij mph nodes and to ^ 
creas 
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The salient featuies of this case are, fiist, the acute onset of the 
disease and the finding of an acutely inflamed gallbladdei at the first 
operation, second, the constant roentgen finding of a round shadow m 
the papilla, interpreted as repiesentmg a calculus, third, the long period 
between the acute attack of gallbladdei disease and cholecystectomy 
and the appearance of symptoms caused by the papillaiy neoplasm, and 
last, the intermittent attacks of jaundice and associated symptoms of 
biliary obstruction present both before and after opeiation 

Case 2 — T , a 68 year old man, was admitted to the hospital complaining 
of loss of weight for two months and icterus and pruritus for two weeks One 
year previously he had had pains in the upper part of the abdomen radiating to the 
back On physical examination the patient appeared cachectic and jaundiced 
The edge of the liver was palpated at the umbilicus, and there was a suggestion 
of free fluid in the peritoneal cavity Laboratory examination revealed the icteric 
index to be 132 and the value for phosphatase 309 units The van den Bergh 
test elicited a direct immediate positive reaction The urine gave a 4 plus reac- 
tion for bile The stools were free of bile and showed a 4 plus reaction to 
benzidine There was leukocytosis, with 13,000 white blood cells per cubic milli- 
meter A preoperative diagnosis of carcinoma of the common bile duct was made 
At operation the liter appeared cirrhotic and cholemic and was adherent to the 
parietal peritoneum The gallbladder was hidden by adjoining adherent loops 
of intestine and stomach When the adhesions were separated and the gall- 
bladder exposed, the latter was found to be thick walled and necrotic, and the 
cavity was distended with pus The pancreas and duodenum felt normal A 
cholecystostomy was performed, and a section of the gallbladder was removed 
for biopsy The pathologic diagnosis was acute and chronic cholecystitis, a 
culture of the pus recovered from the gallbladder yielded Staphylococcus aureus 
and gram-negative organisms The patient failed to rally from the operation and 
died three days later At necropsy there was found a carcinoma arising from 
the papilla which extended upward to involve the wall of the bile duct 

Here again it is of interest to note the acute inflammatory process 
found m the gallbladder at operation, although clinically there were no 
signs or symptoms to indicate that such a condition existed Moreover, 
the carcinoma of the duct was completely overlooked at the time of 
operation, although clinically there were signs and symptoms to indicate 
that such a condition existed 

Case 3 — M W , a 48 year old white man, was admitted to the hospital 
because of icterus, pruritus, parageusia and anorexia of two and a half weeks’ 
duration, he had lost considerable weight On examination, the patient appeared 
well developed and well nourished He was icteric, and the skin was covered 
with scratch marks and purpuric spots The liver was enlarged and firm, the 
gallbladder was palpable The icterus index of the blood ranged up to 105, and 
the van den Bergh test showed an immediate positive reaction The stools were 
free of bile and gave a positive reaction to the benzidine test A flat plate of the 
gallbladder showed an opaque shadw, and there was no visualization of the gall- 
bladder with the dye test A series of gastrointestinal roentgenograms showed 
an increased duodenal sweep suggestive of tumefaction of the head of the pancreas 
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At operation the liver was found enlarged, smooth and cholemic There vas 
hydrops of the gallbladder, but the lumen was free of stones The pancreas was 
the seat of a large, hard mass A cholecj stogastrostomv ^\as performed, and 
the abdomen was closed The patient made an une\entful reco\erj About six- 
teen months later he was readmitted to the hospital, because of chills and fe^er 
of five weeks’ duration He was markedlj icteric, and the li\er ^vas enlarged to 
the level of the umbilicus He was reoperited on, and the mass in the pancreas 
was still present A new cholecystogastrostomv was performed because the stoma 
of the previous one appeared stenotic The patient reco\crcd from the operation, 
and on discharge he was free from sjmptoms and the icterus had disappeared 
He was w'ell for over two years, then he had chills, fe\er and jaundice at irregular 
intervals The stools were frequcntlj black During the past five weeks he 
had been vomiting, and he had lost 20 pounds (91 Kg) in weight He was 
reoperated on, and the mass in the pancreas was still palpable He died one daj 
after the operation 

At autopsy there was found a carcinoma of the papilla of Vater with metas 
tasis to the duodenum and the pancreas The gallbladder was the seat of an 
acute suppurative process, and the pancreas in addition to the metastasis showed 
chronic pancreatitis 

Of particular interest in this case was the long duration ot the 
growth (thiee years and eight months) wnth very little distant metas- 
tasis Equally interesting are the inability of the surgeon to recognize 
the lesion in the papilla at the time of operation and the constant finding 
of a mass in the pancreas which was taken to be a carcinomatous growth 
and the cause of the patient’s symptoms 

Case 4 — T R, a 69 year old man, was admitted to the hospital complaining 
of recurrent attacks of jaundice, agonizing pains in the right upper quadrant of 
the abdomen and vomiting For the past fifteen years he had been subject to 
attacks of epigastric pains which radiated to tlie right and to the back E\ami 
nation revealed nothing unusual aside from tenderness in the right upper quadrant 
of the abdomen The impression was that he was suffering from a stone in the 
common duct At operation there was found an acutely inflamed gallbladder 
containing a large calculus The common bile duct was dilated and contained 
pus A cholecystostomy and a choledochostomy were performed 

He was readmitted fourteen months later, because of jaundice and pruritus 
The appetite was good, and there was no loss of weight On examination he 
was found to be icteric The liver was enlarged to 2 fingerbreadths below the 
costal margin On reoperation the liver appeared cirrhotic The common bile 
duct was dilated to 3 fingerbreadths At the papilla there was palpated a firm 
mass the size of a peach stone, although the duct readily permitted the passage 
of a uterme forceps into the duodenum A secondarj’’ cholecj'stostomy was pe*^ 
formed, but the patient died nine days later 

In this case also the onset of illness was ushered m by acute 
inflammation of the gallbladder, which finding was verified at operation 
Because of these operative findings, thorough exploration of the duct 
at the time of the first operation was not done and the giovvth m the 
papilla was thus ov^erlooked 
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COMMENT 

Caicinoma of the bile duct is as a rule a primary lesion and for a 
long time confines its growth to the duct As the disease progresses, the 
gioiith extends into the muscular wall, but its tendency is to localize 
m the duct and not to metastasize In some instances, however, it 
tends to extend into adjoining structures, especially into the duodenum, 
m which case it interrupts the muscularis mucosae and continues its 
course beneath it When the duodenal mucosa is also involved m the 
tumor piocess, ulceration and secondaiy infection usually follow These 
changes are responsible for a host of symptoms not directly related to 
the ductal growth itself but referable to the changes produced m the 
duodenal wall Under such circumstances, for example, bleeding may 
take place from the ulcerated duodenal mucosa, and blood may appear 
either m the stools or m the vomitus Thus, 2 of the patients m this 
senes showed tarry stools which reacted positively to benzidine, and 
1 showed gross hematemesis Involvement of the pancreas, lymph nodes 
and more distant organs is a rather late occurrence Metastasis takes 
place by direct extension and not by the usual route through the lymph 
or venous channels 

It IS of interest to note m this connection that choledocholithiasis 
is observed to be associated with carcinoma of the bile duct far less 
commonly than with carcinoma of the gallbladder In the present 
senes carcinoma of the duct was associated with calculus formation m 
only I case 

In view of the present study of these cases and in coi relation of the 
data with the various theories offered on the histogenesis of carcinoma 
of the bile duct, we are more inclined to consider these tumors as neo- 
plasms arising from the ductal mucosa or, preferably, fiom the intra- 
mural sacculi of the duct Throughout the entire series of cases the 
histologic picture presented by the tumors bore a striking morphologic 
resemblance to the sacculi described as occurring within the wall of the 
bile duct It seems to us, therefore, that these neoplasms may be inter- 
preted in terms of growths arising from this normal glandular structure 

As has been stated, there are no pathognomonic signs and s) mptoms 
of early carcinoma of the bile duct Icterus, loss of w'eight, asthenia, 
anemia, anorexia, indigestion and vague abdominal symptoms may occur 
m various combinations and degrees Melena is rare, occult blood in 
the feces is more frequent 

Diagnosis is invariably late, as it is dependent on the onset of symp- 
toms, and it IS well recognized that unfortunately the early symptoms 
of carcinoma of the bile duct are vague and are apt to be confused with 
those of other lesions of the upper part of the abdomen There is of 
necessity a latent period betw^een the earliest carcinomatous formation 
and the patient’s aw^areness of something amiss, and the duration of 
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this period cannot be established at present Owing to the low grade 
of malignancy of the giowth, by the time the disease has produced 
symptoms of obsti uction it is nearing the terminal stage Earl) in this 
piesentation the statement W'as made that the diagnosis of carcinoma 
of the bihaiy duct should not picscnt any particular difficulty if the 
possibility is constantly kept in mind ^VhIlc this statement holds true 
in a certain numbei of cases, exceptions ma) be made when adjoining 
organs also become involved While it is also true that in some instances 
the signs and symptoms of caicinoma of the duct are rather tjpical, 
yet It IS in cases piesenting atypical features that one is apt to make 
a diagnostic erroi unless the condition is suspected and sought for 
Among the moie fiequently encountered diagnostic pitfalls, perhaps 
empyema of the gallbladdei heads the list In this series, carcinoma 
of the teimmal portion of the common bile duct w^as associated with 
an acute inflammatoiy process of the gallbladder m 6 cases One can 
leadily conceue the ease with w'hich such a complication wull de\elop 
if one bears in mind the close anatomic relation wdiich exists between 
the gallbladder and the rest of the biliary sjstem It is generall) con 
ceded that wdien stagnation of bile occurs, as it is prone to do in the 
presence of biliary obstruction, there usually develops general cholan- 
gitis, and the gallbladder, being part of the biliary system, is necessarily 
involved m the inflammator)' process The occurrence of suppuration 
and empyema foimation in the gallbladder is thus easily explained 
In reviewing the cases presented W’^e note several clinical facts 
First, 111 some of the cases of acute involvement the process was ushered 
in by the classic syndrome of sudden pains in the upper part of the 
abdomen, ladiatmg to the back, often associated with chills and fever 
and suggestive of empyema of the gallbladdei In most of the cases 
these findings were corroborated at operation Second, a group of cases 
existed in which there was no clinical evidence of involvement of the 
gallbladder, yet at operation empyema of the gallbladder was disclose 
Third, theie w^as a group of cases m which the growdh in the duct was 
situated so close to the oiifice of the duct of Wirsung as to cause par 'a 
or complete obstruction of this duct and set up an inflammatory con i 
tion in the pancreas Under such circumstances the pancreas at 
time of operation felt massive and firm and gave the erroneous impr^^ 
sion of carcinoma Last, there was a notable group of ductal car 
emomas which produced such extensive metastasis in the duodenum 
as to overshadow the primary growth in the duct 

Roentgen studies of neoplasms of the terminal portion of the com^ 
mon bile duct have not been fully exploited The physician’s arma 
mentarium has not been exhaustively applied toward the differentia 
of this lesion from other closely related diseases Thus, m our senes 
17 patients only 7 were subjected to a routine roentgen investigatmu 
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of the gastiomtestinal tiact foi the puipose of lulmg out possible malig- 
nant disease of this system No particular attention was paid at the 
time of examination to any one portion of the intestinal tract On 
restudying the i oentgenograms for the purpose of this paper it was 
noted that m 5 of the 7 cases there were either definite or suggestive 
changes in the second poition of the duodenum Since carcinoma of this 
portion of the duct is known to encroach on the lumen of the duodenum 
and occasionally to ulcerate or stenose this area, it is not startling to 
find roentgen evidence that such a condition existed Closer attention 
to the second portion of the duodenum with this view m mind undoubt- 
edly would yield more illuminating results It is therefore suggested 
that in cases of a suspected lesion of the terminal bile duct a routine 
roentgen examination of the second portion of the duodenum should 
be carried out 

The prognosis of carcinoma of the bile duct is poor If the condi- 
tion IS discovered early, resection is indicated After symptoms of 
obstruction have developed, anastomosis around the growth, with a 
lower immediate mortality, is probably better than attempted resection, 
with a high immediate mortality and with slight chance of cure 

SUMMARY AND CONCLUSIONS 

Seventeen cases of piimary carcinoma of the terminal portion of the 
common bile duct with 8 autopsic observations aie reported 

In the cases cited in this series, empyema of the gallbladder was 
frequently associated with this condition 

There are no pathognomonic signs and symptoms characteristic of 
carcinoma in the terminal portion of the bile duct The symptoms are 
readily confused with other, closely allied conditions of the upper part 
of the abdomen 

Recognition of the pitfalls in the differential diagnosis of this con- 
dition and more frequent application of laboratory facilities, especially 
the roentgen rays, will reduce the high peicentage of eiror m the clinical 
and operative diagnosis 



SEVERE HEMORRHAGE IN GAS7RIC AND 
IN DUODENAL ULCER 

A STUDY or NINETY CASES 
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In the past decade much has been written concerning the treatment 
of peptic ulcei which shows evidence of gross bleeding During this 
period many physicians and surgeons have come to respect bleeding as 
a major complication of ulcer but as yet no uniformly accepted method 
of treatment has been established Recently Meulengracht ^ published 
a report on a group of cases of bleeding peptic ulcer in ivliich remarkably 
good lesults were obtained by treatment with a full puree diet His 
conclusions favor a passive attitude toward this complication, and it is 
natural that physicians should welcome so simple a method of managing 
a condition which, with a great variety of treatments, has a mortahtj 
reported as ranging from 1 to 35 per cent 


This paper is an analysis of the observations on a group of 90 patients 
with bleeding ulcer In general, these observations lead one to believe 
that a large percentage of patients with bleeding ulcers should be treated 
actively and at an early stage by surgical measures if a high mortality 
is to be avoided It is evident fiom a study of these cases that up 
the present time a definite progiam of treatment has not been followed, 
rather, the therapy has been determined by clinical examination of the 
individual patient As a result of the findings in this group of patients, 
however, therapeutic measures have been formulated which, it is hoped, 
will help to improve results 


Complications of peptic ulcer apparently aie becoming more rather 
than less frequent, in spite of increasing knowledge of the pathologic 
picture of this disease Hemorrhage is by far the most frequent major 
complication, occurring m approximately one fourth of all cases, and 
except for perforation it is the most disturbing Proper treatment lests 
on accurate diagnosis, knowledge of the pathologic picture, an appre 
ciation of the value of the available methods of treatment and, when 
operative in tervention is indicated, competent surgical handling 
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DIAGNOSIS 

The commonest cause of bleeding from the stomach or duodenum is 
peptic ulcer, and this di^nosis can usually be made after such other 
possible causes as esophageal varices, cancer and the hemorrhagic 
diatheses have been excluded Except with a small group of patients 
who have had absolutely no antecedent history of pain or indigestion, 
It IS practically impossible to say whether the bleeding comes from an 
acute or a chronic ulcer 


Table 1 — Comparative Incidence of Acute and Chrome Ulcos 
Associated vuith Hemoiihage 


Authoi* 

Cases of Acute Dicer 

Cases of Chrome Dicer 

Bulmer 

15 

23 

Burger and Hartfall 

15 

SO 

Chiesman 

13 

17 

Helher 

2 

28 

Kielsen 

10 

39 

Holman (Kew York Hospital series, this paper) 

0 

26 

Total 

61 (27%) 

163 (73%) 


* Eeferences m this and in the following tables not accompanied bj superior figures will 
be found in the following list 


Aitken, R S The Treatment of Profuse Bleeding from the Stomach and Duodenum, 
Lancet 1S8S9, 1934 

Armstrong, G E The Wisdom of Surgical Interference in Hematemesis and Slelena 
from Gastno and Duodenal Dicer, Brit M J S 3087, 1890 

Bahey, A M , and Hurst, A P The Incidence, Mortahty and Treatment of Hemorrhage 
in Gastric, Duodenal and Anastomotic Dicer, Guy’s Hosp Rep SC 129, 1936 

Bulmer, E The Mortality from Hematemesis Analysis of Five Hundred and Twenty Si\ 
Cases, Lancet 3 108, 1927, Mortality from Hematemesis Supplementary Analysis ibid 3 
720, 1932 

Burger, G , and Hartfall, S G Hematemesis in Peptic Dicer, Guy’s Hosp Rep S4 
197, 1934 

Chiesman, W E Mortality of Severe Hemorrhage from Peptic Dicers, Lancet 2 722, 1932 
Conybeare, J J Prognosis of Gastno and Duodenal Dicer, Lancet 3 1017 1935 
Davies, T A L, and Kevin, E W Prognosis of Hematemesis Statistical Review, 
Brit M J 2 S5S, 1934 

Flnsterer, H Operative Treatment of Severe Gastric Hemorrhage of Dicer Origin 
Lancet 3 • S03, 1936 

Fowler, W M , and Hurevltz, H M Bleeding Peptio Dicer, J Iowa M Soc 35 : 115, 1005 
Hellier, P P Etiology and Mortality of Hematemesis, Lancet 3 1271, 1934 
Hinton, J W Massive Hemorrhage in Peptic Dicer, Ann Surg 101 856. 1935 
Dmber, P Zur Prognose und Behandlung grosser Dlkusblutungcn, Deutsche med Wchn 
Echr 3*1265, 1935 


PATHOLOGIC PICTURE 

While opinion regarding individual cases may vary, ulcers are com- 
monly classified as either acute or chiomc, depending on the pathologic 
findings, including the extent to ivhich the walls of the viscus haie 
been penetrated As a rule, an acute ulcer remains superficial and does 
not penetrate the muscular layer of the stomach or duodenum, and for 
this reason it is not likely to be the source of severe bleeding The 
greater incidence of hemorrhage in chronic ulcers is reflected m table 1, 
in which a group of cases observed at operation or at necropsy is listed 
Unfortunately, the nature of the pathologic change m a bleeding 
ulcer cannot be determined bv its clinical manifestations The important 
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question as fai as tieatment is concerned is whether a sinde bleedin? 

to opeiation on the ground that the hematemesis may be caused bva 

ry^WhX°°''TQm°” M congested mucosa, an idea popularized 

by Wh te - in 1901 Hoy ever. Bortz » m 1932, after a thorough search 

tit .o "'"'I t "f " * 4^2 collected cases 

im.nr ", readily established In the great 

majority it was a large, eroded ^essel m the base of the ulcer 

vpccpl^ ° ^ tilcers in this senes showed such a large eroded 

mit t P'^^'^^caticoduodenal aitery m 7 cases and the superior 
lesentei ic arteiy ,n 1 These ^ essels protruded at the base of the ulcer 

Tadlc 2~Idcitttficalion of Dhcdtug Point 


Author* 

Altken 

Allen and Benedict “ 

Armstrong 

Bulmer 

Burger and HartralJ 
Chlesman 
Christiansen r 
Finsterer 

rowler and Huicvitz 

Helller 

Hinton 

Nielsen i* 

Umber 

Holman (New York Hospital series, this paper) 


Autopsy 

Opern 


Source of Bleeding 

tion 

Total 

Not Demonstrable 

10 

21 

SI 

2 (at operation) 

8 


S 

0 

0 


0 

0 

as 


ss 

0 

so 


SO 

0 

43 


,15 

1 

10 


10 

0 


112 

112 

0 

:i 


11 

1 

so 


so 

0 

8 

21 

20 

1 (at autop'j) 

65 


55 

0 


20 

20 

1 

0 

23 

20 

i~Z 

0 


list 


appended to table I**"** **'*^'° ‘’<^o“’Pnnfcd by superior figures will be found In the 


m si^raf rnt which piecluded any retraction IMoreover, 

finding, accordtglo'^Hu?tert^‘""'^ clots-the usual 

to the occurrpti important role with respect 

of the ZXn f hemorrhage Ulcers on the anterior wall 
no lare-e vet;<; n" ^ dangei ous hemorrhage, since there are 

eiSeft posterior wall possess the 

proximitv tnii serious or fatal hemorrhage because of their 
superior and infenoi pancreaticoduodenal arteries 

Ulcer ^allv Patients Said to Be Afflicted with Gastric 

1 (jilyfim^ ^ Hemorrhage from Stomach, Arch Int Med 50 

J Surg 16 203, W28 Saliva and Gastric Juice on Clotting Blood, Bnt 
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These most intractable ulceis penetrate the pancreas, become calloused 
and erode into the large vessels, which are in direct contact with the 
posterior wall of the duodenum 

Contrary to the experience in European clinics, it appears that m 
the United States gastric ulcers are much less likely to be the source 
of fatal hemorrhage than are duodenal ulcers, but because of the vascu- 
larity of the stomach serious hemoirhage is always possible 

Most jejunal and marginal ulcers bleed to some extent, and occasion- 
ally, but not so frequently as with duodenal or gastric ulcer, the bleeding 
IS fatal Thus, Wright ® reported 7 deaths m 124 cases of bleeding 
marginal oi jejunal ulcer 

MORTALITY 

Since one possible reason foi the wide variation of published statistics 
on the piognosis and the mortality of bleeding peptic ulcer is the differ- 
ence in the types of patients included, it should be stiessed that 
this series includes only patients who were admitted to the hospital 
because of severe hemorrhage (hematemesis or melena oi both) and 
who were proved beyond any reasonable doubt to be bleeding from a 
peptic ulcer It consists of patients who were peisonally examined at 
the time of bleeding or who weie interrogated at some later date to 
confirm opinions or data m the charts, as well as patients who came 
to necropsy Finally, it is made up of the class of patients seen in a 
general ward service The statistics of Hurst® suppoit the impression 
that the class of patients seen m private practice is not so frequently 
subject to the severe complications of perforation and hemorrhage as 
that seen in charity practice 

Of the 90 patients, 12 (13 4 per cent) died in the hospital from 
hemorrhage As is shown in table 3, this approximates the average 
mortality for cases reported from other clinics 

In table 4 the 12 fatal cases are summarized Four of the 12 patients 
who died were never in a condition that warranted operatn e intervention 
One of these was admitted to the medical service because of mental 
confusion and hemiplegia lesulting from a cerebral accident Seventeen 
days after admission symptoms of internal hemorrhage suddenly devel- 
oped, and the patient died within twenty-four hours Autopsy revealed 
a large, indurated duodenal ulcer A second patient was admitted to the 
medical service m shock and died rvithm twelve hours without hematem- 
esis or melena, at autopsy a large, eroded pancreaticoduodenal artery 
was found in the base of a duodenal ulcer A third patient, vith 

5 Wright, G Collectne Inquir\ into Gastro-Jejunal Ulceration, Brit J 
Surg 22 433, 1935 

6 Hurst, A F The Incidence, Mortahtj and Treatment of Hemorrhage, 
Guj’s Hosp Rep 86 135, 1936 
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amyotiophic lateral scleiosis and \aguc epigastric pain, was gnen a 
gastrointestinal roentgen examination Pie subsequently showed signs 
of internal bleeding and in spite of repeated transfusions never recoiered 
from the shock caused b}' the bleeding and died in thirty-six hours A 
fourth patient entered the hospital after sc\ ere repeated hematemesis at 
home for three days He had hyperpyrexia, became comatose twehe 
hours after admission and died within fifty hours Four patients died 
aftei operative pioccdures undertaken w’lth the hope of controlling 
hemorrhage and thereby aveiting a fatal outcome Four died from hem- 
orrhages that might have been controlled if operation had been performed 
In spite of their acute loss of blood and anemia, in the case of each ot 
the 4 theie w'as a period aftei the initial hemorrhage when the patients 
condition w'as sufficiently satisfactory to w’arrant operative intenention 


Table 3 — Moilaltty 


Author* 

Number of 
Oases 

Deaths 

Aitken 

235 

27 

Allen and Benedict " 

13S 

20 

Babey and Hurst 

82 

4 

Burger and Hnrtfill 

157 

SI 

Ohiesman 

ini 

4S 

Conybearo t 

COO 

22 

Ohnstlansen ’ 

2SO 

23 

Davies and Novin 

SOI 


Fowler and Hurevitz 

72 

17 

Helller 

202 

30 

Meuleneracht i 

273 

S 

Umber 

433 

41 

Holman (New York Hospital scries, tills paper) 

DO 

12 


Mortalitr. 

percentate 

n 

14 5 
5 

22.5 

25 

S7 

79 

21 

23 

US 

1 

95 
13 4 


* References jn this table not accompanied bj superior fltures will be found m ‘ 
appended to table 1 , - and 

t Conybearo stated that the mortality from Iicmorrhacc In chronic ulcers I' between s 
10 per cent 


With 1 exception, all the patients who died had hematemesis 
average time between the onset of bleeding and the death of the patient 
was eight days, but it should be emphasized that 6 patients died wnthm 
four days Christiansen ’’ noted that in his experience and m 
experience of others ( Meulengrach , ^ Wood,® Allen and Benedict 
the av'erage duiation of bleeding before death was betw^een thirteen an 
sixteen days , he concluded that the majority of patients die from some 
complication of hemorrhage rather than from the loss of blood itsel 
All the 8 patients not operated on m the present group died as a direct 
result of bleeding In 2 of those Avho died the first and only hemorihage 


7 Christiansen, T On Massive Hemorrhage in Peptic Ulcer, Acta m 
Scandinav 84 374, 1935 , Uremia as Cause of Death in Massive 

from Peptic Ulcer, ibid 85 333, 1935 

8 Wood, I J Treatment of Hemorrhage, Brit M J 2 llS, 1936 ^ 

9 Allen, A W , and Benedict, E B Acute Massive Hemorrhage m 
Duodenal Ulcer, Ann Surg 98 756, 1933 
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followed immediately on completion of a barium roentgen study of the 
stomach and duodenum It should, perhaps, be pointed out again that 
all the ulcers were chronic and that in all those examined at operation or 
necropsy a definite bleeding point was found, which usually was a branch 
of the pancreaticoduodenal artery' in the base of a duodenal ulcer 

PROGNOSIS 

Of all the factois to be considered in the prognosis of hemoirhage 
fiom ulcer, the patient’s sex and age, the continuation or repetition of 
bleeding after hospitalization and the onset of bleeding rrhile the patient 
IS under strict medical care seem to be the most important 

In this gioup of patients only 19, oi about 22 per cent, were women, 
none of whom died Most observers agreed that hemorrhage in } oung 

Table 5 — Mortality in Various Age Groups 


Aec Groups 

, « — > 

129\ears 30 39 Tears 40 49 Tears S0+ Tears 

, • , , > , I 1 , , — ' ^ 

Author* Cases Deaths Cases Deaths Cases Deaths Cases Death' 


Allen and Benedict “ 

19 

1 

31 

1 

33 

2 

53 

16 

Bulmer 

2 IS 

14 

101 

11 

94 

14 

44 

14 

Burger and Hartf all 

24 

o 

27 

3 

37 

13 

49 

IS 

Hellier 

37 

C 

43 

4 

Cl 

7 

59 

IS 

Hinton 

14 

0 

18 

3 

12 

3 

E 

4 

Meulengracht i 

Holman tNcw TorT Hospital scries, tbis 

20 

0 

4S 

0 

57 

2 

81 

1 

paper) 

10 

2 

20 

2 

SO 

3 

30 

5 

Total 

372 

25 

200 

24 

324 

44 

326 

66 

Mortality percentage 


07 


82 


13 6 


20 


* Eeferenees in this table not accompanied by superior figures will be lound in the list 
appended to table 1 


women rarely leads to death and the mortality is estimated at about 
1 per cent 

The avei age age of the patients who i ecovered from the hemorrhage 
was 41 years and of those who died was 45 5 years — not so stiihing 
a difference as that found by Allen and Benedict,® who gave the respective 
average ages as 41 8 and 56 3 In table 5 a group of patients is anal 3 "zed 
to show the increasing mortality with advancing years The higher 
mortality in the older groups is probably due to their greater susceptibility 
to complications as a result of loss of blood and also (in certain patients 
with arteriosclerosis) to loss of elasticity of the walls of the vessels 
However, this increased mortality among the older patients has no 
relation to the chronicity of the ulcer, since the average duration of 
symptoms in the group who recoveied was four and two-tenths years, 

10 Since the writing of this paper a 67 year old woman has died from hemor- 
rhage of a duodenal ulcer which had eroded the pancreaticoduodenal artery 
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m contrast to four years m the group who died In 1 patient who died 
the hemorrhage was the first indication of his disease, although autopsy 
revealed a chronic penetrating ulcer in the posterior wall of the 
duodenum 

The third prognostic indication, a veiy impoitant one, is the con- 
tinuation or immediate recurrence of bleeding after the patient has been 
hospitalized and tieated for twenty-four to forty-eight houis Table 6 
illustrates the gravity of such uncontrolled bleeding 

Finally, of particular interest in the group of patients who died were 
4 in whom hemorrhage occurred while they were receiving medical caie 
for their ulcers in the hospital In contrast, not one of the 78 patients 
who recovered had spontaneous hemorrhage while in bed in the hos- 
pital Such a hemorrhage is a comparatively lare complication, and 
Hurst® stated that he has nevei witnessed it in a patient receiving stiict 

Table 6 — Mortahty tn Relation to Response to Tieatmcnt 


Author* 

Mortality After 
Satisfactory 
Immediate 
Response to Med 
ical Treatment, 
Percentage 

Mortality After 
Unsatisfactory Immediate 
Response to Medical 
Treatment with Continuation 
or Immediate Repetition of 
Bleeding, Percentage 

Babey and Hurst 

0 

27 

Burger and Hartfall 

85 

S3 

Obiesman 

1C 

74 

Davies and Kevin f 

98 

52 8 

Holman (New York Hospital senes this paper) 

64 

46 


• Befcrences in this table not accompanied by superior figures •will be found in the list 
appended to table 1 

t Hemateniesis from any cause 


medical theiapy As might be expected, all 4 patients had a chronic 
ulcer, and the 3 on whom necropsy vas perfoimed had large, gaping 
arteries in the base of the ulcer The fourth patient had had a gastro- 
colic fistula repaired with a dismantling of the gastroenterostomy six 
months previously, and at that time a chronic duodenal ulcer w'as present 

As has been suggested by Ingegno,^^ studies of the blood urea may aid 
in the prognosis and also m determination of the degiee of hemorrhage 
Wood ® found that a rising value for blood urea or a value above 80 mg 
per hundred cubic centimeters is a sign of poor prognosis, although wade 
variations occasionally occur m a bleeding patient In 2 patients in this 
series the values for blood urea w'ere found to be high and to increase 
as the condition grew w^orse Both patients died in a state similar to 
uremic coma 

11 Ingegno, A P The Eleiated Blood Urea of A.cute Gastrointestinal 
Hemorrhage and Its Significance, Am J M Sc 190 770, 1935 
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Although most patients with bleeding ulceis should be gi\en an 
opportunit}^ to lecover under conser\ati\c treatment, continued gross 
bleeding is more and more widely accepted as lequiring surgical therapy 
The specific indications for immediate surgical intervention are (1) con- 
tinuous 01 repeated hemorrhage and (2) primary'- hemorrliage after the 
patient has been completely’- at lest in the hospital Not only is the 
moitality'- in this class of patients (table 5) veiy high under conservatne 
therapy (approximately 50 per cent), but in e\ery' patient in this series 
whose ulcei was visualized either at operation or at necropsy the bleed- 
ing vessel was so laige that it is doubtful uhethei anything short ot a 
direct attack on it could have controlled the hemorrhage 

Resection, when feasible, is the ideal procedure, and in this series no 
patient has had a recurrence of bleeding after such an operation Ho«- 
evei, because of the patient’s condition less foimidable operations often 
are employed It would seem wise alway's to make a direct attack on 
the bleeding point, although ligation of the vessels that lead to the ulcer 
occasionally'- is a successful alternative (von Haberer,^- Allen and 
Benedict Gastroenterostomy should be performed only if obstruction 
IS present, and control of the bleeding point should be attempted at the 
same time In this series gastroenterostomies were performed on 4 
patients because of bleeding coincident \Mth obstruction, and all have 
remained perfectly well Of 5 patients without obstruction, 2 have had 
recurrent hemorrhage after gastroenterostomy, a finding that coincides 
with the experience of others ( Westermann , Nielsen , Ryle “) 
Large amounts of blood should be available for tiansfusion dunng 
operation and particularly after control of the bleeding point As much 
as 1 or 2 liters of blood should be given at this time, and as much again 
can be safely' administered within the next twenty'-four hours When 
this regimen is followed, there need be little danger of a fatal outcome 
during or shortly after the operation Postopeiativety, careful feeding 
IS essential, and vitamins should be given pai enterally to patients whose 
diet has been deficient 


In this series of 90 patients, 24 were operated on 8 during active 
bleeding, with 4 deaths, and 16 within foui to six weeks after hemor- 
rhage, without a death — a combined moitality of 16 per cent AH 4 
patients who died aftei operation had failed to lespond to a protracted 


12 von Haberer, H Chirurgische Behandlung des Magen- und Duodenal- 
geschwures, Munchen med Wchnschr 80 1577, 1933 

13 Westermann, J J Surgical Aspects of Bleeding Gastric and Duodenal 
Ulcers, Ann Surg 101 1377, 1935 

14 Nielsen, N A About the Choice Between Medical and Surgical Treat 
ment of Ulcus Ventncuh and Duodeni, Acta chir Scandinav 55 57, 1923 

15 Ryle, J A Failures of Gastric Surgerj, Lancet 1 890, 1934 
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conservative regimen and when finally operated on as a last resoit were 
extremely poor operative risks Two of these died from pneumonia 
tv 0 days and four days respectively after gastric resection One patient 
with several bleeding jejunal ulcers died from a continuation of the bleed- 
ing from one of the ulceis, which had not been found at the time of the 
operation These deaths might have been avoided had the patients been 
operated on earlier, when they vere in better condition Patients larely 
succumb during the operative procedure, and complications, such as 
pneumonia, peritonitis and uremia, are lesponsible for the great majoiity 
of postoperative deaths 

Of the 90 patients whose cases are reported here, some form of 
gastric operation had been done m the remote past on 22 Gastio- 
enterostomy had been performed on 15, resection on 1 and simple closure 
of a perforated ulcer, pyloroplasty or a dismantling procedure on the 
remaining 6 Twelve of these 22 had never bled until aftei their initial 
operation, performed for the treatment of an uncomplicated ulcer It 
would seem, therefore, that operation — particularly gastroenterostomj' — 
performed on patients with ulcers that have never bled need not be 
expected to prevent future bleeding unless m the course of the operation 
the source of bleeding is eliminated 

Patients with ulcer who are admitted for symptoms other than bleed- 
ing but who give a history of hemorrhage in the past should be treated 
as are patients with uncomplicated ulcer My experience, however, and 
that of others indicate that without surgical intervention which eliminates 
the ulcer the subsequent course is often unsatisfactory from the stand- 
point of both pain and tendency to recurrence of bleeding Thus, 28 of 
69 patients (40 pei cent) followed after discharge from the hospital 
have shown unsatisfactory results, a figure that approximates the findings 
of Allen and Benedict ® and those of Westermann Joidan and Kiefer 
found that 70 per cent of patients who had had two or more hemorrhages 
were doomed to suffer another When surgical therapy is undertaken 
for these patients, gastric resection is advisable, since this operation offers 
the best protection against future hemorrhage 

SUMjr\R\ ANO CONCLUSIONS 

A review of the cases of 90 patients with serious hemorrhage from 
peptic ulcer is presented 

In over 98 per cent of patients subjected to operation or examined 
post mortem the bleeding point was easily located, and in most a large 
eroded vessel could be demonstrated 

16 Jordan, S M , and Kiefer E D Complications of Peptic Ulcer Their 
Prognostic Significance, JAMA 103 2004 (Dec 29) 1934 
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The most important factors m the mortality are age, sex, immediate 
recurrence of bleeding after complete rest and onset of Weeding under 
a strict medical regimen 

Early operation is usually advisable for men over 40 years of age 
who have immediately recurrent or persistent bleeding after complete 
rest in bed Operation is even more urgently indicated for patients 
who begin to bleed while at complete rest under a medical regimen 
Surgical procedures should not be used as a proph} lactic measure 
against future bleeding for patients who have never bled ' 

Patients wuth a history of bleeding in the distant past should be 
treated similarly to those wnth uncomplicated ulcer However, con- 
servative treatment of patients w'lth a past histor} of bleeding is unsatis- 
factor}'' in from 40 to 70 per cent of cases 


Notices 


SYMPOSIUM ON PERIPHERAL VASCULAR DISEASES 
A symposium on peripheral vascular diseases, comprising at least 
eleven papers and an editorial, wnll be published in the February issue 
The papers now scheduled have been wTitten by Drs Frank V Theis 
and M R Freeland, Chicago, Alton Ochsner and Michael DeBake^, 
New Orleans, John Homans, Boston, Geza de Takats and John C 
Reynolds, Chicago, Irving S Wright, New^ York, C A Moyer and 
W G Maddock, Ann Arbor, Mich , R H Smithwick, Boston, Gordon 
Murray, Toronto, Canada, Louis G Herrmann and Edivard J 
McGrath, Cincinnati, Waltei F Kvale, Lucian A Smith and Edgar 
V Allen, Rochester, Minn , and Leland S McKittrick, Boston The 
symposium has been compiled under the direction of Dr Arthur IV 
Allen, Boston 



Editorial 


PERIPHERAL VASCULAR DISEASE 

Dm mg the past decade theie has been widespread interest in dis- 
ordeis of the peiipheial ciiciilation This has led to the establishment 
of special clinics for the stud}' and treatment of these conditions in 
a large number of medical centers m the United States In spite of 
the continued lack of accuiate knowledge of the underlying causes, 
much has been learned legarding the care of patients suffering from 
inadequate aitenal flow to the extremities Most of the disorders 
resulting from this condition have certain common characteristics, and 
the same general principles of management can be applied to them 
Although the types of disability encountered in patients suffering from 
peripheral lesions associated with diseased veins aie diffeient in many 
respects from those encounteied in patients with nai rowed arteries 
their management has usually been taken over by the special clinics 
inteiested in the whole problem of peripheral circulation Concen- 
trated interest m such conditions has varied considerably m different 
localities as regards the departments of general medicine concerned 
Internists, suigeons and various specialists under these mam divisions 
have all played their part Research has been earned out by a wide 
\ariety of investigatois This has resulted m a better understanding 
of the situation, with marked influence on the proper care of the 
patient 

Practitionei s hare become cognizant of the need of palpating the 
peripheral vessels m the low'er extremities of patients w'hose complaints 
indicate the possibility of inadequacy of circulation They have a 
bettei idea concerning the interpretation of then findings in this respect 
and can fiequently classify the lesion if one is present It has been 
learned that certain general measures of study and treatment applj to 
a large group of peiipheral vascular disorders The effect of asso- 
ciated generalized diseases, such as arteriosclerosis, and of diabetes on 
the rasculai tree are mote acciiiately interpreted The influence of the 
sympathetic ner\ous sjstem on the nutiition of the distal parts of the 
extremities is now' lecognized, although the mechanism of its irregu- 
larity IS not often apparent 

j\Iany lemedies in the foim of \asodiIatois and mechanical devices 
ha\e been the natmal development m this field To a large degree 
these have pro\ed disappointing, but under certain cncumstances they 
ha\e some merit Since nearh anj disease is improved under the 
detailed, special care ot those particularly interested m a successful 
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outcome, one must be on one’s guaid against attnbuting iinpro\enient 
to a specific measuie lather than to tlie natuial cftcci ot rest, position 
hygiene, pioper food, exeicises and the elimination ot liarinfiil influ 
ences Foi these reasons it is mformatne to withhold specific 
measuies of treatment in main cases until a propci e\aluation ot the 
situation can be made This often rerjuires fiom one to two weeks ot 
caie and study in the hospital, especialh foi patients suftering from 
aiteiioscleiotic ohhteiatne disease and thiomhoangntis obliterans 
In the aiiangement of the s\mposium piesented in this issue an 
attempt is made to co\ei as main of the phases of the problem as 
space permits Main autboiitics who could ha\e contributed much 
to the subject weie, of neeessit}, not solicited It is realized that lor 
this reason the review ma\ appeal inadequate It is intended to pre 
sent some of the geneial pimciplcs as the} are understood today and 
various leseaich approaches that are being made in difterent localities 


in Amenca 


Arthlr Allen*, MD 
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CONSERVATIVE TREATMENT OF OCCLUSIVE 
ARTERIAL DISEASE 

IRVING WRIGHT, MD 

NEW \ORK 

The steady increase in the numbei of clinics wheie inteinists and 
surgeons are coopeiating closety in an attempt to solve the many 
problems associated with peripheral vascular diseases constitutes an 
encouraging index of the caie which patients sufteiing from these con- 
ditions will receive in the future 

Although the object of all internists and surgeons may be con- 
ceded to be the ultimate benefit of the patient and his lestoration to 
a life as nearly normal as possible, the training of the two groups tends 
towaid different philosophic and technical approaches to this objective 
This gulf IS widened by isolation and narrowed by close association 
The problems involved will recene soundei consideration as a result 
of continuous interplay of surgical and medical opinion, and no clinic 
devoted to this field can be considered adequate which does not make 
this inevitable 

In general, medical care of the extreme forms (ulceration and 
gangrene) of vasculai disease rests on conservative therapy, i e , on 
allowing epithehzation or self amputation to take place Surgical care 
has been directed toward quick healing and, this failing, towaid some 
radical procedure, such as amputation or ganghonectomy Obviously, 
m instances of infection which spreads rapidly m spite of attempts to 
control it and which shows evidence of toxic absorption and sepsis, 
most workers will agree that amputation is the logical recourse When 
the lesion is chronic rather than acute the problem is more equnocal 
The surgeons call attention to the long period of inactivity of the 
patient and the economic loss imohed in maintaining a conservatne 
regimen for a period varying from three to eight or nine months, v hen 
with amputation the period could be reduced to six -weeks of hospital- 
ization The} point out also that man} patients fail to get better despite 
conservatne therapy, and are e^entuall} treated b} amputation The 
internists, on the othei hand, ask whether most patients would not 

From the VRccular Clinic of the New York Po^t-Gnduate ^ledical School 
Riid Hospital, Columbia Uni\er<:it\ 
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piefei to wait a few extia months for picser\ation of an extremih, 
even an impei feet one The}’' ask also how man} months must elap e 
after the patient leaves the hospital bcfoie he is able to get about and 
especially befoie he is able to use an artificial limb ^Vhat, they ask 
of the 40 to 60 per cent of ai teriosclciotic patients who, haMug had 
an amputation, never leant to use an artificial limb’ These questions 
must be consideiecl with each patient m relation to many additional 
factois, including the type and extent of the disease, the age of the 
patient, the potential capacity foi future activit}, the associated pain 
the couise and complications of the disease and the results of clinical 
laboratoiy and roentgen studies In the ideal seivice these factors are 
leview’ed jointl} by the medical and the surgical group in an endea^o^ 
to determine the piopei course to pursue 

If consenative therapv is selected foi a patient with occlusive 
aiterial disease, the choice of methods is wude, this indicates that, 
although seveial ma} be woith wdiile, there is no specific cure The 
immediate object of the -vaiious forms of treatment is improvement of 
the cn dilation to the involved area bv v’asodilation of the active ves 
sels, widening of the collateial channels and reestablishment of canals 
through old occluded vessels An endeavor will be made to describe 
such procedures as seem to warrant discussion, with an attempt at 
evaluation of each in the light of the expcnence obtained at the clinic 
for vascular disease of the New York Post-Graduate Medical Schoo 
and Hospital and the expenence of reliable workers elsewhere as 
desciibed in then published lepoits oi m personal communications h 
should be lecognized that knowdedge in this relativ'ely newly explore 
field IS in a state of flux and that any such attempt at evaluation is 
curbed by difficulties The appaient truth of today may be the error 
of tomonow 


Since the most impoitant occlusive vascular diseases are arterio^ 
scleiosis obliteians and thromboangiitis obliteians and since much o 
the present day therapy has been used foi both, my discussion " 
apply chiefly to these conditions, specific applications being poio 


out when indicated 


Whenever there is ulceration, gangiene, maiked progressive 
coloration, pionounced and sudden local coldness or sev’ere "rest pa>”’ 
the involved extremity should be placed at lelative rest The 
selected for maintenance of the most satisfactoiy circulation poss 
under the circumstances has been shown by Reid ^ to be very mnpor 
tant If the extremity is kept m a dependent position for too lo>V 
the veins become engorged, and the engorgement results in increas 

1 Reid, NR A General Consideration of Blood Supply in the Pra 
of Medicine and Surgerv', South M J 26 107 (Feb ) 1933 
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venous and capillary pressure and stagnation of blood If, on the 
other hand, the extremity is kept elevated, it becomes blanched and 
bloodless m appearance and the tissues become ischemic, since the force 
within the diseased arteries is usually insufficient to carry fresh blood 
to the tips of the extiemity Such elevation, when prolonged, has been 
a frequent cause of amputation m the past 

Between these extremes is a level which appeals to be the most 
efficient from the standpoint of proper blood supply This is the point 
at which the superficial veins fill to such an extent that they project 
slightly above the level of the skin It will usually be found from 3 
to 6 inches (7 5 to 15 cm ) below the level of the heart At this level 
gravity assists the flow of arterial blood into the limb, and the blood 
IS not retarded in its return by too gieatly increased venous back 
pressure 

Rest should be continued until the lesion is healed or the acute epi- 
sode IS completely over, after which activity should be undertaken 
guardedly and undei observation until the return of the condition is 
considered unlikely Specific vascular exercises should be the only 
exceptions to this 

ACTIVE VASCULAR EXERCISES 

1 Buei gel’s Exeictses — Various slight modifications of the exeicises 
described by Buerger - ha\e been accepted and used widely to exeicise 
the vascular tree, to clear away stagnant blood and to stimulate the 
opening of the collateral vessels A suggested technic is as follows 
The patient rests on his back in bed An incline beginning at the level 
of the hips IS built up on the foot of the bed The angle of inclination 
should be 45 to 60 degrees Pillows or the back of an inverted chair 
may be used The legs are (o) elevated on this incline for one to 
thiee minutes, (h) lowered over the edge of the bed for three to ten 
minutes and (c) rested at bed le^el (horizontally) for five to ten 
minutes This cycle is repeated five or ten times twice or three times 
a day Color changes (blanching on elevation and rubor on depend- 
ency) clearly indicate that blood is draining from and filling the 
vascular tree The timing should be such that neither blanching nor 
rubor is maiked foi more than one minute 

2 Allen’s Exeicises — Allen® has suggested a modification of this 
procedure which is helpful if the feet are not too painful While the 
legs aie hanging over the edge of the bed, further exercises are per- 
formed as follows (a) The feet are extended downward, (&) the 
feet are raised by flexion at the ankle joint, not b} raising the legs, (c) 

2 Buerger, L The Circuhtor\ Di'sturbances of the Extremities, Philadelphia, 

B Saunders Compam, 1924 

3 Allen, A Recent Ad\ances in the Treatment of Circulaton Disturbance^ 
of the Extremities, Ann Surg 92 931 (Noi ) 1930 



166 


iRCIIIJ LS or SURGERY 


the toes are tinned inwaid as lai as possible, (d) the toes are turned 
outiiaid as fai as possible, (r) tlic toes are spread with the feet m 
normal position, and (/) the tots arc “closed ’ d his should be repeated 
during the dependent phase of each ciclc 


C\K1 Ol TllL ENTKnMITinS 

Once the diagnosis is made, wlictlier an acute condition is pre-ent 
or not, meticulous caic must be taken ot the extremities imohed It 
tree from open lesions the\ should be washed carefully at least three 
times a week with warm (not with hot) watci and rubbed thoroiighli 
theieafter with olnc oil or hrdious wool fat to keep the skin soft 
Corns and calluses should be caicfulh softened with salicilic aad 
ointment Paiing should be discouraged except in the most expert 
hands The nails should be cleansed and pared w ith extreme care to 
ax Old pioduction of minor lesions requiring surgical treatment 
Tiauma and fiostbitc must be axoidcd Shoes must be soft andnwt 
fit w'ell, to ax Old abiasion Socks should be of soft xxool, to cushion 
the feet 


XBSrrX'EX'CE eroxi toexcco 


It IS now genet all} recognized that the use of tobacco in the pres 
ence of impaired circulation is inadxisable It xxas first noticed h} 


Silbert ^ (among otlieis) that in cases of thromboangiitis obhteran' 
smoking IS a markedl} aggraxating, it not the most impoitant etiologie 
tactor Most clinics subscribe to this tbeor} , at least m reference to 
aggrax'ation Expeiimental studies by Illaddock and Coller/ Barber, 
Wright and Moftat ' and Lainpson ® hax e established the fact diat 
the smoking of tobacco usually produces diminution of the blood suppj 
to an extiemity, noiraal or otherwise by constriction of the penp 
eial aiterioles, as determined by theimocouple readings and by cap 
lary microscopic and pleth} smographic studies That this is 
to deep respnation as has been claimed b} Muhnos and Shulman can 


4 Silbert, S Thrombo-Angntis Obbterans (Buerger) Treatment o 

Hundred and Twenty -Four Cases by Repeated liitraxenous Injections of , 

Salt Solution, Experience of Ten Years, Surg, Gjmec & Obst 61 2W 
1935 

5 Haddock, W G , and Colter, F A Peripheral Vasoconstriction bx To 

and Its Relation to Thrombo-Angntis Obliterans, Ann Surg 98 70 (Jnb) 

6 Barker, N W V asoconstnetor Effects of Tobacco Smoking, Broc 

Aleet, Majo Clin 8 284 (Maj 10) 1933 

7 Wright, I S , and kfoffat, D The Effects of Tobacco on the Per'? 
Vascular Sj stem, JAMA 103 318 (Aug 4) 1934 

8 Lampson, R S A Quantitative Study of the Vasoconstriction 

by Smoking, JAMA 104 1963 (June 1) 1935 a 

9 Muhnos, M G , and Shulman, I V asoconstnction in the Hand 

Deep Inspiration, Am J Phx siol 125 310 (Feb ) 1939 
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be demonstrated by comparing the depth of respiration necessary to 
produce slight drops in the tempeiatuie of the finger tips as compared 
with the profound diops often caused by smoking with onty mild or 
moderate inhalation 

An attempt b)" Haikavy and his co-r\ orkers to place the effect of 
tobacco m thromboangiitis obliterans on an allergic basis has been opened 
to serious question by the work of Trasoft, Blumstem and Marks and 
that of Wescott and Wright 

Thus far, the onl}^ established mechanism involved is the physiologic 
one of constriction of the small arteries and arterioles Even for the 
arteriosclerotic patient with aheady impaired circulation this is sufficient 
to interdict its use Although spasm of the sclerotic vessels is not con- 
sidered important, one must remember that the life of the tissues fre- 
quently depends on the collateral vessels, that these are usually not 
sclerotic and that the}'^ may be constricted by smoking If, for example, 
the circulation m an extremity is already impaired to a fraction of its 
former potential, i e , to the point at which life of the tissue is endan- 
gered, the deciding tactor ma}’’ be further constriction of the vessels, 
reduction of circulation and production of gangrene This pimciple 
operates in all degrees, and in my opinion, indicates that patients with 
definitely impaired circulation from arteriosclerosis or any other cause 
should completely abstain from the use of tobacco 

The clinical evidence is even stronger m the cases of thromboangiitis 
obliterans In my experience and that of my associates, good results are 
to be expected from the general treatment outlined here provided the 
patient will completely stop smoking The only 3 patients in oui series 
of 100 cases of thromboangiitis obliterans observed since 1931 on vhom 
majoi amputations vere performed continued to smoke surreptitiously 
even though ^varned man}^ times of the dire consequences Each of these 
3 patients lost one leg Patients who steal an occasional smoke usually 
ha\e ulceis which are slow to heal, continue to ooze and look inflamed 
If an ulcer has been healing nicely and it suddenl}' enlarges and begins 
to look inflamed, careful questioning will usually elicit a confession of a 
1 elapse to smoking Numerous patients whose ulcers ha\e been healed 
for from six months to several 3 ^ears have returned with a new^ ulcer 
and an admission that the^ had resumed smoking, after which, w'lthm 

10 Harkaw, J , Hebald, S , and Silberl, S Tobacco Sensitneness in Thrombo- 
angiitis Obliterans, Proc Soc Exper Biol S. Med 30 104 (Oct ) 1932 

11 Trasoff, A. , Blumstem, G, and Marks, M Immunologic Aspect of 
Tobacco in Thrombo- Angiitis Obliterans and Coronar\ Heart Disease, J Allerga 
7 250 (March) 1936 

12 Wescott, F H , and Wright, I S Tobacco Allerg\ and Thromboangiitis 
Obliterans, J \llerg\ 9 555 (Sept ) 1938 
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a few days or ueeks, tlie pam and the ulcer leturned Results of therapy 
m this disease depend on the edict “Absolutely no smoking, now and 
forever 

ALCOHOL 

In contrast, the action of alcohol on the peripheral arteries is definitdi 
vasodilating In experiments pei formed in this laboratory, the rise in 
temperature of the tips of the extremities after ingestion of 60 to 90 cc 
of whisky has been as gieat as 9 to 12 degrees (F ), depending in part 
on the condition of the vessels and the control temperature prior to the 
experiments I feel, therefore, that the use of hislty or other spirituous 
liquors IS indicated in the treatment of organic occlusive disease of tk 
peripheial vascular system Thcie is general agreement in this *it 
present among most of the leading clinics for \ ascular disease The do'e 
depends on the seven t}' of the condition With impending or actual 
gangrene the patient should receive enough to keep the peripheral ve 
sels as much dilated as possible In many cases he should be kept slighth 
inebriated duiing the critical petiod This sometimes requires 30 to 
60 cc (1 to 2 ounces) of whisky c\cr} four hours or more frequentl) 
This may be tapeied down as the emergency subsides to 30 to 60 cc 
once or twice a day, which is the dose usuall} lecommended in cases of 
nonacute involvement As Biown, Allen and Ivlahorner pointed out 
m addition to its vasodilatory propei ties whisky may control the pu'" 
of peripheral vasculai disease in some cases moie satisfactorily than 
morphine 

Unless theie are definite contiaindications, such as se\ere diabetev 
gastiic ulcer or alcoholism, I feel that patients uith arteriosclerosis 
obliterans should have some alcoholic beveiage each day fon 
remainder of then lives 


BATHS 


The proper use of baths constitutes 
treatment of occlusive vascula-r disease 
several headings, as follows 


a definite contribution to the 
Baths may be grouped un cf 


1 Conti ast Baths — Perhaps the most geneially used bath 
type of condition is the contrast bath Two containeis are placed side > 
side They should be deep, reaching to the patient’s knee In one, waters 
40 2 C (105 F ) IS placed In the othei, watei of “tap water tem 
perature,” 15 5 to 20 1 C (60 to 70 F ), is used The legs are pla^^ 
first in one and then in the othei at interv’’als v''ar3ung fiom one to ti| 
minutes The last immersion should always be in the hot water ^ '> 


13 Wright, I S , Poindexter, C, and Van Dellen, T The Vaso-Difi 
Effects of the Ingestion of Spiritous Liquors, unpublished data 

14 Brown, G E , Allen, E V, and Mahorner, H R Thromboangi 
Obliterans, Philadelphia, W B Saunders Company, 1928 
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associates and I have suggested seven alternations, beginning and ending 
with hot water This treatment should be given once or twice a day, 
depending on the condition of the extremity The theory is that the 
patent vessels are exercised by producing alternate vasoconstriction and 
vasodilation There are, however, several objections to this type of bath, 
which have resulted m our abandoning its use First, the best containers 
reach only to the knees The blockage may be far above that level, so 
that, although the contrast baths may produce different metabolic 
demands, the ability to respond may not be realized at the level of the 
stimulus Second, when already damaged vessels are forced into sudden 
vasospasm they may remain closed, complicating the picture consider- 
ably Third, m our experience there is often severe pain during the 
cold phase, perhaps due to cramping or to ischemia We have therefore 
adopted a modification of the long-used sitz bath for this purpose 

2 Sitz Baths — The patient sits m a tub containing at least 12 inches 
(30 cm ) of water at a temperature of 37 8 to 40 2 C (100 to 105 F ) 
for twenty to thirty minutes at least once a day This overcomes all 
of the objections to the contrast bath (Theoretically it does not exercise 
the small vessels as well ) The heat extends high enough to activate the 
collateral arteries from the trunk and also the femoral arteries No cold 
water being involved, the risk of sudden permanent occlusion or of severe 
pain is minimized If watei of this temperature appears to cause dis- 
comfort, the temperature should be reduced to 34 4 to 36 7 C (94 to 
98 F ) This type of bath is not, of course, suitable for patients with 
open ulcers or gangrene, because of the risk of infection 

3 Wlmlpool Baths — Whirlpool baths, if available, may further 
stimulate the circulation, the motion of the water being especially helpful 
in the presence of chronic low grade ulceration The temperature of the 
water should be about the same as for the sitz bath Whirlpool baths 
usually have the objection of not extending high enough on the limb 

4 Soaks — ^^Vet dressings have largely been abandoned m this clinic 
because of their tendency to cool even under the most favorable con- 
ditions This produces vasoconstriction and thus does more harm than 
good by defeating the chief aim, that of improving the circulation to 
the dying cells In their place, for ulcerated or gangrenous extremities 
we use soaks ot boric acid solution or physiologic solution of sodium 
chloride at 35 7 to 37 8 C (96 to 100 F ) These may be applied two 
or three times dail> for fifteen to thirty minutes After each soak the 
toot IS remoied, dried careful!}' and placed under a warm lamp cradle 
at 33 2 to 35 4 C (92 to 96 F ) to preient chilling The object should 
be to allov proper drainage by softening and cleaning avay crusts which 
tend to lock in infection, but once infection is under control attempts 
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should be steadil} made to pioduce a dr\ lesion rather than a wet, 
macerated one Healing is made more rapid and tlie danger ot infection 
IS reduced when the lesion is dry 


IIEST 


1 Local Heat — The problem of heat is one ot great importance m 
the handling of arteiiosclerosis and thromboangiitis obliterans It i' 
probable that m the past heat has done more hann than good, because ot 
improper use Propeily handled, it tends to rcpioduce nonnal tem 
perature The normal sui face temperature rareh exceeds 39 9 to 35 6 C 
(93 to 96 F ) In older to achie\e this and hence stimulate nomial 
metabolic processes the tempciature of the eiiMronment should approM 
mate that level My associates and I therefore use thermostaticalh 
conti oiled heat cradles vhich keep the temperature between 34 4 and 
35 7 C (94 and 96 F ) B} careful watching and the use of a ther 
mometer an equal distance between the lamp and the evtremiti it 
possible to use ordinar)’’ light bulbs, but the factor of error is great, and 
the disease m man}’’ cases has been grcatl} aggraiated bi oierlieating A' 
Stan has pointed out, increasing the metabolic demands be)ondtlie 
capacity of the supplying aiteries leads to inci easing gangrene Controlle 
heat w'lthin these limits is, in our opinion, the onl} sale form ot heat fof 
use m this condition The local use of heat lamps, diathermy or short 
wave mechines is to be condemned I ha\e seen in consultation wan' 


patients with seveie ulceration, massive necrosis or gangrene 


ivliich 


appeared to have been pi ecipitated by such measures , 7 of these patients 
lost their legs, and 2 died — not primal il} as a i esult of ^ ascular disease 
but lather of the lesults of the misapplied ticatment I haie emphasize 
this previously 

2 Reflex Heat — Using a modification of the piinciple emplo}'^*^ 
Gibbon and Landis,'® my associates and I hai e used reflex heat as 
therapeutic measui e as w^ell as to determine the potential i asodila a 
of the vascular tree After tiying seveial appi caches, we have 
simplest effective technic to be meiely the application ot an electric ^ 
mg pad over the abdomen foi thuty to sixty minutes once or 
day Optimum dilatation of the vessels of the extieniities (consi 
the disease present) is thus obtained Gi eater heat (the maximum 

15 Those used by us were made by the Valverde Laboratories, of New 

16 Starr, I , Jr A Thermoregulated Foot Cradle for the 
Peripheral Vascular Disease, Proc Soc Exper Biol &. Med 29 166 

17 Wright, I S Physical Therapy in Peripheral Vascular Disease, 

Phys Therapy 19 161 (March) 1938 

18 Gibbon, J H , Jr , and Landis, E M Vasodilatation m Low er E^tre^ 

in Response to Immersing Forearms in Warm Water, J Chn Investiga 
1019 (Sept) 1932 
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patible with the safety and comfort of the patient) should be used Avith 
this device, as the dilation occuis fiom the pioximal towaid the distal 
ends of the extremities If diathermy, short wa\e therapy or infra-red 
rays are to be used for these conditions, their application should be to the 
trunk to produce reflex vasodilataton 

Wilkins, Doupe and Nevman have shown by means of plethysmo- 
graphic studies of the fingers that the increase m blood flow resulting 
from local heat is not as great as that produced by warming the body 

TYPHOID VACCINE 

In our experience typhoid vaccine given intravenously in the manner 
to be outlined is of great value m the tieatment of thromboangiitis 
obliteians We have been cautious m its use for arteriosclerosis and 
have recommended it only when all othei methods have proved inade- 
quate to control progression tow'ard gangrene In a few cases it has 
been possible to leverse the process, producing marked improvement, but, 
although Ave have had no accidents, Ave are inclined to fear coronary or 
cerebral thrombosis as a complication 

The action of typhoid vaccine is nonspecific, probably depending 
purely on vasodilation of the available functioning mam and collateral 
vessels supplying the limb The use of nonspecific foreign protein 
therapy Avas fiist suggested by Goodman and Gottesman in 1923 and 
Avas advocated by BroAvn,*^ Allen and others It is noAv one of the most 
Avidely accepted forms of theiapy for thromboangiitis obliterans Until 
1931 BroAvn and Allen used triple typhoid vaccine (typhoid and para- 
typhoid A and B strains, Lederle) Barker in 1931 described “typhoid 
H” antigen (Lilly), a fraction of the typhoid bacteiium prepared b} 
emulsifying the organisms m sodium chloiide solution and subsequenth 
killing them Avith 0 5 per cent phenol The results seemed better than 
Avith the triple typhoid vaccine, and the untOAvard eftects Avere less 

My associates and I have used Avith good results and minimal 
untoAvard eftects a typhoid vaccine prepared especially for this purpose 
according to our direction It is prepared from typhoid bacilli exclusneh 
and IS diluted to the strength of 100,000,000, organisms per cubic 

19 Wilkms, K W , Doupe, J, and Newman, H W The Rate of Blood 
FIoav in Normal Fingers, Clm Sc 3 -103 (Dec ) 1938 

20 Goodman, C , and Gottesman, J Pam and Its Treatment in Thrombo- 
angiitis Obliterans, New York M J 117 774 (June 20) 1923 

21 Brown, G E The Treatment of Penphenl Vascular Disturbances of 
the Extremities, J A Iif A 87 379 ( -\ug 7) 1926 

22 Barker, N V' Results oi Ircatment oi Thrombo- Angiitis Obliterans bi 
Foreign Protein, T \ M A 47 841 (Sept 19) 1931 

23 The Aaccine was prepared bi the Kirk Biological Laboratories, of Bloom- 
field, N T 
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centimetei This dilution peimits more accurate measurements of the 
dose than do the moie concentrated solutions in routine use Severe 


leactions have been caused in the past by attempts to measure accurate 
doses of typhoid vaccine from too concentrated a suspension, the fact 
being f 01 gotten that suspensions tend to settle and vary in concentration 
unless they are shaken thoroughl}' before use The risk is minimized by 
using low concentrations and shaking well The procedure used is as 
follows The first dose is 5,000,000 organisms Injections are gnen 
every three days, provided that the effect of the preceding dose has 
completely worn off The object is to obtain a rise in oral or rectal 
tempeiature of 2 oi 3 degrees F (1 or 2 degiees C ) without a chill 
Although usually a slight drop in surface temperature precedes the rise, 
this IS inconsequential if no chill occurs The rise in surface tem- 
perature of the tips of the extremities with this fever is from 3 to 4 
degrees C (4 to 6 degiees F ), but of course it is affected by the degree 
of occlusion of the total arteiial supply to the limb, including the col- 
lateial vessels 

When a dose of 5,000,000 organisms fails to produce a satisfactory 
fever, the dose is increased to 10,000,000 and kept at that level as long 
as the reactions aie satisfactory Increases of 3,000,000 to 5,000,000 
organisms are made wdienever the effects of the preceding dose are inade- 
quate, otherwise the dose is repeated at the same level If the tem- 
perature goes above 39 5 C ( 103 F ) and a chill occurs, the next dose 
IS decreased by 3,000,000 to 5,000,000 Doses have been increased 
up to 200,000,000 01 more, but wuth most patients a top level 
of 70,000,000 to 130,000,000 seems to be leached, and administration can 
be continued indefinitely at that level Pioceedmg carefully m tins 
manner, with over 12,000 injections we have had no serious untoward 
effects attributable to the treatment Duimg acute infection or other 


serious illness this treatment has been suspended 

The results following the use of this technic have been gratifying 
Relief of the pain associated with small ulcei*s has occurred after the 
first, second or third injection, and rapid healing has taken place 
major gangrenous processes naturally respond more slowly, but the resu 
appear to us to be more rapid than are those of intravenous admimstra 
tion of saline or citrate solutions These methods will be discussed 


INTRAVENOUS ADMINISTRATION OF SALINE SOLUTION AND 
OTHER SOLUTIONS 

Since the observation of Mayesima that the viscosity of the blood 
IS increased m thromboangiitis obliterans, various solutions have be^^ 
used on the theory that reduction of the viscosity would have a favora 

liber 

24 Mayesima, J Klinische und expenmentelle Untersuchungen u 
Viskositat des Blutes, Mitt a d Grenzgeb d Med u Chir 24 413, 1911-1^ 
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effect on the comse ot the disease Koga-^ in 1913 was the first to 
introduce intiavenous theiap}' for the tieatment of thiomboangiitis oblit- 
erans, using physiologic solution of sodium chloiide m some cases and 
Ringer s solution in others Willy Me 3 "ei in 1916 was the first 
American to adopt this method, using the same solutions Ginsburg in 
1917 and Steel-® m 1921 used sodium citiate Vaiious other solutions 
ha^e been tiied, but the most ^Mdety used at present is h 3 '^pertonic (3 to 
5 per cent) solution of sodium chloiide as intioduced by Silbert®® in 
1926 The dose is usuall 3 " 300 to 400 cc of 3 pei cent solution given 
intraA enously thiee to se\en times a week The results have repeatedly 
been reported on far orabl 3 ^ b 3 ' Silbert and b 3 '^ Samuels The action 
of the substance has not been cleaily demonstrated, although various 
explanations have been adranced, namely, i educed viscosit 3 % increased 
pulse rolume and rasodilation A uniform inciease in the surface tem- 
peiature is not observed 

After stud 3 ', intravenous injections of large volumes of saline or 
citiate solution has been abandoned b 3 ' numerous woikers in favor of 
the other forms of therap 3 ’’ outlined here In my experience and that 
of my associates, the use of typhoid vaccine lesults in a quicker i espouse, 
prompter relief of pain and moie satisfactory healing 

H 3 'pertonic saline solution (especially the 5 pei cent solution) may 
produce venous thrombosis, chills and hepatitis Although we do not 
consider it the treatment of first choice, theie may be patients with 
thromboangiitis obliterans for whom it should be tried when typhoid 
vaccine is contraindicated or when response to it does not appear satis- 
factory The use of this substance has thus far no sound theoretic basis 
in the treatment of arteriosclerosis and is not recommended at this time 

25 Koga, G Zur Therapie der Spontangangran an den Extremitaten, 
Deutsche Ztschr f Chir 121 371, 1913 

26 Meyer, W The Conservative Treatment of Gangrene of the Extremities 
Due to Thrombo-Angiitis Obliterans, Ann Surg 63 28 (March) 1916 

27 Ginsburg, N A Consideration of the Treatment of Peripheral Gangrene 
Due to Thrombo-Angiitis Obliterans, Am J M Sc 154 328 (Sept ) 1917 

28 Steel, W A Sodium Citrate Treatment of Thrombo-Angiitis Obliterans, 
J A M A 76 429 (Feb 12) 1921 

29 Silbert, S The Treatment of Thrombo-Angiitis Obliterans by Intra- 
venous Injection of Hjpertonic Salt Solution, J A M A 86 1759 (June 5) 
1926 

30 Silbert, S Thrombo-Angiitis Obliterans Results of Treatment with 
Repeated Injections of Hypertonic Salt Solution, J A M A 94 1730 (May 31) 
1930 , footnote 4 

31 Samuels, S Gangrene Due to Thrombo-Angiitis Obliterans, JAMA 
102 436 (Feb 10) 1934 
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SODIUM CITRATH, RINGCR’s SOI LTIOX AND INSDLIN 

The use of sodium citrate, Ringer’s solution and insulin for the treat 
ment of thiomboangiitis obliterans and arteiiosclerosis is being guen up 
m most clinics being confined to a fc\s scattered institutions I there 
foie feel that fuither discussion of these substances is not indicated 

\ASODIL\TING DRUGS 

Numeious diugs ha\e been used m the treatment of thromboangiitis 
obhteians and aiterioscleiosis obliterans on the basis of their lasodilating 
poweis The moie common of these ma\ rouglih be diiided into 

1 The nitrites and allied compounds 

2 The theobiomines, theotalcme (a mi\ture of calcium 
theobromine and calcium salicylate) and allied com- 
pounds 

3 The choline compounds 

4 Papaverine 

Aftei years of stud}', both clinical and expenmental with all of these 
substances it seems fan to state that the value of their use singl) or 
collectively' m the tieatment of these conditions is lelatnely' limited 

Briefly, the action of the nitrites is too fleeting, and the dilatation as 
it afifects the vessels of the extiemities is obseived with difficult 

The action of theobiomine and its allied compounds in the usual 
doses is unreliable and doubtful 

The action of ceitam of the choline compounds, although of estab 
hshed value in the treatment of certain diseases of the pieripheral 
circulation, such as vaiicose ulceis, appears to be of no value m the 
tieatment of aiteiioscleiosis and to be useful only' laiely' m the treat- 
ment of thiomboangiitis obliterans'*^ 

Papaverine has been advocated foi the relief of sudden occlusion and 
for Its general vasodilating qualities In a recent study Littauer and 

32 McGovern, T , McDevitt, E , and Wright, I S Theobromine Sodm® 
Salicylate as a Vaso-Dilator, J Clin Investigation 15 11 (Jan ) 1936 

33 Saylor, L , Kovacs, J , and Wright, I S The Pharmacological 

Therapeutic Effects of Certain Choline Compounds, Am Heart J H , 

1936 Saylor, L , Kovacs, J , Duryee, A W , and Wright, I S Treatment o 
Chronic Varicose Ulcers by Means of Acetyl -Beta-Methylcholine Cblona*^ 

Iontophoresis, J A M A 107 114-117 (July 11) 1936 

34 Denk, W Zur Behandlung der arteriellen Embohe, Munchen me 
Wchnschr 81 437 (March) 1934 Allen, E V , and MacLean, A R Treatmen 
of Sudden Arterial Occlusion with Papaverine Hydrochloride, Proc Staff Meet, 
Mayo Chn 10 216 (April 3) 1935 deTakats, G The Use of Papaicrine i 
Acute Arterial Occlusions, JAMA 106 1003 (March 21) 1936 
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I have found its vasodilating effects to be highly unreliable and not 
neaily so marked as the effect of simple leflex heat The lelaxing 
effect of papaverine and other opiates and the value of this lelaxation 
aie undoubted Such preparations should be used wisely and with the 
possibilit} of ultimate habituation in mind, although this dangei has 
plo^ed to be a serious factor only once in oui expeiience Morphine 
should be used only as a last resoit, because of the familial objections 
of nausea, distention and habituation 

The long-standing use of potassium iodide in the tieatment of 
arteriosclerosis merits its mention here, although clinically I have been 
uncominced of its value Animal experiments have seemed to demon- 
strate that It will prevent the actual laying down of cholesteiol This 
has not, however, been proved to be a process compaiablc to aiteiio- 
sclerosis in man 

TISSLiE EXTRACTS 

The therapeutic use of various tissue extiacts was stimulated by 
the studies of Fiey and Kraut®® and Gley and Kisthmios ®’’ and in the 
United States by the work of Wolfte Elliot and Nuzum,®® Baiker, 
Brown and Roth,^® Duryee and otheis Although at first emphasis 
was directed toward the effect of these extracts on the anginal syndrome, 
this proved difficult to evaluate, and more lecently increasing interest has 
developed in the more easily measuied response of the syndiome of inter- 
mittent claudication to then use During the past six yeais my associates 

35 Littauer, D , and Wright, I S The Questionable Value of Papaverine 
Hj^drochloride in the Treatment of Peripheral Vasculai Disease, Am Heart J 
17 325 (March) 1939 

36 Fre 3 , E K, and Kraut, H Ueber emen von der Niere ausgeschiedenen, 
die Herztatigkeit anregenden Stoff, Ztschr f physiol Chem 157 32, 1926, Ein 
neues Kreislaufhormon und seme Wirkung, Arch f phjsiol Chem 175 97, 1928 
Frej% E K Kreislaufhormon und innere Sekretion, Munchen med Wchnschr 
76 1951 (Nov 22) 1929 

37 Gley, P, and Kisthinios, N Recherches sur la substance hypotensne du 
pancreas, Presse med 37 1279 (Oct 2) 1929 

38 Wolffe, J B The Therapy of Tissue Extract (“Desympatome”), Tr Am 
Therap Soc 31 31, 1931, Further Studies on Tissue Extract No 568 (Des\mpa- 
tone), ibid 34 163, 1934 

39 Elliot, A H , and Nuzum, F R The Pharmacologic Properties of an 
Insulin-Free Extract of Pancreas and the Circulator Hormone of Frey, J Pharm- 
acol & Exper Therap 43 463 (Nov ) 1931 , Pancreatic Extract in the Treatment 
of Angina Pectoris and Intermittent Claudication, Arch Int Med 49 1007 
(June) 1932 

40 Barker, N W , Brown, G E , and Roth, G M Effect of Tissue Extracts 
on Muscle Pains of Ischemic Origin (Intermittent Claudication), Am J M Sc 
189 36 (Jan ) 1935 

41 Duryee, A W Tissue Extract in the Treatment of Peripheral Vascular 
Disease, Tr Am Therap Soc 35 124, 1935 
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and I have been using various extracts prepared from the pancreas, heart, 
skeletal muscle and liver Certain of these proved on physiologic and 
clinical studies to be active, but they were for the most part rather crude, 
poorly standardized, high in protein content and painful to inject 
Various fractions have been tried, and for the past year and a half we 
have been using a deprotemated pancreatic extract It is a colorless 
saline solution of a chemically purified, protein-free, nitrogenous fraction 
derived from an acid alcohol extract of beef pancreas Physiologic tests 
show that it IS apparently free from insulin, histamine and acetylcholine 
It contains approximately 2 5 per cent of solids, including 0 25 per cent 
of nonprotem nitrogen, 0 9 per cent of sodium chloride and 0 25 per cent 
of phenol as a preservative It is adjusted to a /ih of 6 5 to 6 8 

It IS assayed by comparing its effect witb that of a standard prepara- 
tion on the arterial blood pressure of anesthetized dogs This standard 
preparation is of such potency that in a large series of dogs 1 cc produces 
an average lowering of arterial blood pressure equal to that produced by 
0 01 mg of epinephrine in the same dogs The standard preparation is 
preserved by the lyophil process and stored in the dried state at 5 C Each 
new lot of deprotemated pancreatic extract is standardized by comparing 
its depressor effect with that of a solution of the standard preparation on 
the normal and on the atropmized dog The physiologic action of each 
lot IS also studied by means of the heart-blocking effect in mice Two 
cubic centimeters of “depropanex” is injected into white female mice, 
and an electrocardiograph is used to ascertain whether heart block occurs 
The material is injected mtraperitoneally and should not cause death 
from heart block in any of at least 3 mice within fifteen minutes 

A preliminary report of its effects on intermittent claudication in 
man, measured by an ergometer and by walking ability as measured m 
blocks (less accurate), has recently appeared (Fisher, Duryee and 
Wright Controlled ergometiic tests were continued to the point 
of production of such pronounced pain that the patient was forced to 
stop After the length of time necessary for this had been rechecked, an 
injection of 3 cc of deprotemated pancreatic extract was given Thirty 
minutes later another ergometnc test was made The results of this 
series of experiments were as follows Of 8 patients wuth untreated 
uncomplicated arteriosclerosis obliterans, 6 showed lengthening of the 
claudication time, of 5 patients with untreated but complicated arterio- 
sclerosis, 4 showed improvement, and of 14 patients previously treated 
(for complicated and uncomplicated conditions) 13 showed improvement 

42 This substance, “depropanev,” was supplied by Sharp and Dohme 

43 Fisher, M M , Durjee, A W, and Wright, I S Deprotemated Pancreatic 
Extract (Depropanex) Effect in the Treatment of Intermittent Claudication Due 
to A.rteriosclerosis Obliterans, Am Heart J 18 425 (Oct ) 1939 
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after these initial studies The impiovement after the first injection was 
fleeting, the eflect having woin oft within twentj'^-four hours Injections 
of saline solution weie gnen as contiols to each patient (without his 
knowledge), w'lth absolutely negatne icsults The lengthening of the 
claudication time maj be found in detail in the original paper The 
a\erage time piioi to the injections langed fiom one minute and twenty- 
six seconds to one minute and fort} -tin ee seconds m the vaiious 
groups In the half-hour tests the time averaged more than tliiee 
minutes and one second Aftei ten oi more such injections given mtra- 
gluteally thiee tunes each week the effects w^ere inoie pionounced and 
more prolonged as measured on the eigometer This coincided with the 
improvement m walking ability repoited by the patients 

In a purely clinical study of 100 patients w'ho w^ere follow^ed for 
four to SIX months while they leceived triweekly injections, 74 lepoited 
definite clinical impro\ ement , 26 failed to show sufficient improvement 
to w’arrant continued use of the extract A w'arning should, however, 
be issued against accepting such clinical studies without proper weighing 
of the facts Cei tain of the patients had been previously treated wuth a 
regimen for vascular disease, and tins furnished a valuable control period 
In other instances, how'e\er, as the patient had been recently placed on 
such a regimen, the iinproA ement may have been partlj'^ due to the 
regimen alone or may have been merelj the occasional remission which 
may occur spontaneously in this condition No untowaid effects have 
been noted in more than a thousand injections We have given 48 to 
100 cc of the substance intravenously to rabbits before producing death, 
wdiereas 4 to 15 cc of the former tissue extiacts produced collapse and 
even death AVe have given 3 cc intravenously to 20 patients, with no 
ill effects Although we do not advocate this method of administration 
at present, it serves as an indication of the relative nontoxicity of the 
extract 

The mechanism of the action of pancreatic tissue extracts has never 
been satisfactorily explained, although a hormonal or replacement action 
similar to that of insulin is popularly assumed at present Assay methods 
With animals (in which an antagonistic action to epinephrine has been 
demonstrated) indicate a factor of vasodilatation This effect has not, 
however, been noted m man My associates and I are engaged in studies 
which may clarify this problem Some light may be shed on it by certain 
preliminary studies conducted by us and dealing with the effect of 
deproteinated and other pancreatic extracts on the experimental produc- 
tion of atherosclerosis in rabbits The lesults will be reported in detail 
elsewhere, but (in summary) four groups of rabbits have been studied, 
with the results given in tables 1 and 2 

44 Fisher, M M , Wright, I S , Member, S , and Durvee, A W Unpub- 
lished data 
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The animals weie killed in fiom four to sixteen weeks The data 
in the tables were obtained at autopsj' 

The deposition of cholesteiol to produce atherosclerosis of the aorta 
IS seen to be maikedly retarded by the use of pancreatic tissue extracts 
The extracts do not pi event the deposit of fat m the liver It should 


Table 1 — Gioss Athei osclo osis of the Aotfa and Deposits of Fat m the Liver 


Group 


la 

(10 control rabbits, regular 

Aorta 

0 


punna choiy)t 

Liver 

0 

2^1 

(6 rabbits regular Purina 
chow + 3 ec pancreatic ex 

Aorta 

O’ 


tract given intramuscularlj 

3 times per ueeL) 

Liter 

0 

lb 

(7 rabbits, regular purim 
chow + 1 Gm cholesterol 

Aorta 

4 + 


3 tim-s per week) 

Liter 

4 + 

2b 

(6 rabbits regular purma 
chow + 1 Gm cholesterol 

Aorta 

3» 


3 times per week and 3 cc 

Liter 

4 + 


pancreatic e'rtrnct eiren 
intramuscularly 3 times per neeL) 


Grade (1 to 4+) 4rerage 

A - - 


0 

0 

0 

0 

0 

0 0 

0 — ' 0 

0 

0 

0 

0 

0 

0 0 

0-0 

Of 

Of 

Of 

O' 

0* 


0 

0 

0 

0 

0 

0 


0 


4+ 

4 + 

4 + 

4+ 

4+ 

S 9-r 

dt 

1 + 

4 + 

4 + 

4+ 

4+ 

a b4* 

Of 

Of 

Of 

0* 

0* 


05 

4 + 

3+ 

4+ 

2+ 

3+ 


3 3+ 


* Grant’s pancreatic hormone lot 60 This Is a pancreatic e\tract similar in many respect 
to the former pancreatic tissue extract no 568 of Sharpe and Dohme It Is free from iDsmm 
but not from protein It has a faaorablo effect on the syndrome of intermittent clauflicction 
It IS prepared by the Grant Chemical Companj of Philadelphia and Isew Tort 

t Deproteinated pancreatic extract , 

i This preparation is made by the Ralston Cereal Company, of St Louis I* Js “ 
of grains and aifalfa haj suppiemented by aitamins and minerals It is said to '^oniaiu 
iodized salt, but the amount of iodine present seems to be xery small, since it in 
interfered with the disposition of cholesterol In the artenes of anj of the control animai 
fed cholesterol 


Table 2 — Cholesteiol Content of the Aoita at Autopsy 


Group 



Cholesterol, Gm 

per 100 Cc 

Average 

la 

0 444 

0 420 

0 400 

0 470 0 590 

0 360 0 SCO 

0 750 0 460 0 4726 

2a 

0 74S» 

0 456f 

0 288t 

0 710f 0 205* 

0191* 

043o0 

lb 

7 610 

1217 

2 052 

2 233 10 791 

7 568 15 441 

6 7017 

2b 

3156* 

1 130f 

OOflOf 

0 742f 0 616* 

0 438* 

120S9 


* Grant’s pancreatic hormone, lot 66 
t Deproteinated pancreatic extract 


be recognized, however, that this t3rpe of atherosclerosis, althoug 
similar, has not been proved to be exactly identical to human senik 
atherosclerosis and also that certain other substances, including lipocaic, 
have been reported to have similar properties Studies of the bloo 

45 This has been previously observed by Samuelson, who used other pancreatic 
extracts 

46 Huber, M J , Broun, G O , and Casey, A E Prevention of 
Arteriosclerosis in Rabbits by Use of Pancreatic Extract (Lipocaic), 

Exper Biol & Med 37 441 (Dec ) 1937 
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cholesterol weie also made The results weie not sti iking, although 
some degree of temporal y lowering of the le^el of cholesteiol was noted, 
and the geneial aveiage for the series was lowei for the labbits fed 
cholesteiol and receiving tissue extract than for those receiving cholesterol 
but no tissue extract More extensive animal and clinical studies will be 
necessary for final evaluation of this substance Other fractions may 
prove more potent At present the one m use appears to be nontoxic , its 
administration is practical^ painless, and it is of some Aalue m the tieat- 
ment of certain patients with the syndrome of intermittent claudication 
Further studies regarding the mechanism of its action and the clinical 
problems of dosage, duration of action and efifect aie being carried on 
at our clinic and elsewhere 

MECHANICAL THERAPA 

The "‘Vas-Osallahng Bed” (Sandeis) — A form of mechanical tieat- 
ment which has recently been used m a number of clinics is the inotoi 
bed described by Sanders By means of this bed the head and feet 
of the patient are alternately elevated and lowered, a complete cycle 
taking from one to three minutes The movement is smooth , the patient 
soon becomes accustomed to it, and we have had patients on these beds 
for as long as two years Most of them have continued its use during 
the sleeping hours long after their open lesions have healed The 
degree of tilting and the speed of the cycle can be regulated within 
reasonable limits The object is to exercise the arteries which are still 
able to function by producing rubor and pallor (engorgement and 
ischemia), as with the Buerger exercises, but continuously and without 
fatigue to the patient This process is gentle, involves no constricting 
bands and appears theoretically sound, especially for the treatment of 
arteriosclerosis with or without gangrene My associates and I use a 
thermostatically controlled cradle at 96 F (35 7 C ) for adjunct treat- 
ment While the total experience with this equipment has been lathei 
limited, we have now had the opportunity to study about SO cases 
Clinical impressions are often deceptive guides, and experimental studies 
are not available, but so far the woikers in our clinic and m other 
clinics have been favorably impressed Healing of ulcers has taken 
place in certain patients after complete failure of the pressure-suction 
boot and the reactive hyperemia machine Many patients can use this 
equipment who are made very uncomfortable by the action of the boot 
01 cuff Thus far the condition indicating its use appears to be advanced 

47 Sanders, C E Cardiovascular and Peripheral Vascular Diseases Treat- 
nicnt b\ a Motorized Oscillating Bed, JAMA 106 916 (March 14) 1936 

48 Baker, N, and Roth, G Treatment of Occlusne Arterial Disease of 
Legs bj Means of Saunders Vasocillator (Saunders Bed), Am Heart J 18 312 
(Sept) 1939 
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arteriosclerosis of the vessels of the legs with impending or actual early 
gangrene The results in certain cases of such involvement have been 
encouraging in that the symptomatic progress of the condition has been 
checked and reveised, with improvement and healing We should like 
to suggest a thoiough study of the possibilities of this treatment for 
cerebial arteiioscleiosis, for which to date there has been no treatment 
of sufficient value to be taken seiiousty 

Progiess in this type of case is slow, and we find it usually neces- 
sary to keep the patient on the bed foi at least one month In our 
experience, tieatments of a few houis’ duration are not satisfactory 
We have set a inmimum in oui clinic of eight houis a day Use of the 
bed for patients with thromboangiitis obliterans seems rarely necessary, 
since the proper use of ty'phoid vaccine is satisfactory^ in most cases 

PRESSURE SUCTION BOOT 

Although raiiatioiis in environmental pressure have been used m 
the treatment of unpaired circulation since before 1800 , it remained 
for Landis and Gibbon and Herrmann and Reid to perfect 
suitable mechanical apparatus and to populaiize this pimciple for wide- 
spread use in the tieatment of peripheral vascular disease 

The principle on which the modern apparatus is established depends 
on the hypothesis that blood flow in an extremity can be increased 
appreciably by exposing the extiemity’^ to fluctuations m pressure from 
positive to negative and back to positive, continuing such alternations 
for the duration of the treatment, which may be from one to twenty- 
four hours or more The extremity is contained in a so-called boot 
made of glass oi metal m which the pressure changes are produced by 
means of connections to a coriectly constructed air pump system The 
opening through which the leg is inserted is made air tight by means 
of any of a number of types of rubber cuff There have been certain 
disagreements as to the type and timing of the cycle to be used and the 
amounts of pressure and suction desiiable At present the most com- 
monly used cycle approximates those suggested by Heirmann and is 

49 Landis, E M , and Gibbon, J H, Jr The Eifects of Alternating Suction 
and Pressure on Circulation in the Lower Extremities, Proc Soc Exper Bio 
& Med 30 593 (Feb) 1933, The Effects of Alternate Suction and Pressure 
on Blood Flow to the Lower Extremities, J Chn Investigation 12 925 (Sept ) 
1933 

50 Herrmann, L G Syphilitic Peripheral Vascular Diseases Treatinent 
by Means of an Intermittent Negative Pressure Environment, Am J S)'ph 
305 (July) 1933 Herrmann, L G, and Reid, M R The Pavaez (Passive 
Vascular Exercise) Treatment of Obliterative Arterial Diseases of the ExtreiruBes, 
J Med 14 524 (Dec ) 1933 Herrmann, L G Passive Vascular Exercises, 
Philadelphia, J B Lippmcott Company, 1936 
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as follows With atmospheric pressure as the base line, one complete 
cjcle takes fifteen seconds The first thiee second period is one of 
positn e pressure, reaching gradually 20 mm of mercury There is then 
a gradual downward curve, crossing the base line m the third second 
and proceeding to a negatue pressure of — 80 mm of mercury at the 
eleventh second A more rapid return to the base line completes the 
cycle in fifteen seconds This is, of course, repeated continuously for 
the duration of each treatment 

Certain objections had to be met to make this treatment satisfactory 
theoretically and practically In order to operate the boot the cuff 
around the upper part of the extremity must be air tight This produces 
a certain degree of constriction about the limb and hence interferes 
with the blood flow, especially in the superficial vessels Many types 
of cuft ha\e been devised, and some ha\e overcome this objection at 
least partially 

In general, -when the circulation to an extremity is increased there 
is an increase in the surface temperature of that extremity It has been 
noted in our clinic and elsewhere that the temperatuie of the limb is 
often colder after this t) pe of treatment than before This may be due 
to the aforementioned constriction or to the continuous flow of air in 
and out of the boot As a lesult of that observation, local or reflex 
heat has been used, wnth impro\ement in this regard The degree of 
dilatation depends on the potential capacitj' of the vessels, damaged 
and undamaged As with all new or rediscovered methods of treat- 
ment, the first claims for this method represented a somewhat optimistic 
picture of its usefulness It w'as stated that it was of great value foi 
arteriosclerosis (senescent and diabetic), thromboangiitis obliterans, 
Raynaud’s disease, acute embolism, frostbite and other forms of circu- 
latory impairment Actual experience with this apparatus has, m my 
opinion, greatly narrow^ed the indications for its use At present I feel 
that It may be useful m selected cases of uncomplicated senescent or 
diabetic arteriosclerotic gangrene, acute embolism or thrombosis and 
frostbite Even for certain of these conditions I must confess that I 
am not absolutely convinced as to its value On the other hand, certain 
contraindications for its use have been definitely established 

Pressure suction should never be used in the presence of an acute 
or subacute infectious process or of any form of acute or subacute 
thrombophlebitis (which includes most forms of thromboangiitis oblit- 
erans) or m any case in which evidence of autolysis of the tissues is 
noted, such as a case of acute embolism or thrombosis (e g, arterio- 
sclerotic sudden occlusion) in which after several days the skin becomes 
mottled and blistered In these conditions the results of its use may 
be serious It appears futile to use it when the level of application of 



182 


ARCHIVES OF SURGERY 


the cuft IS peiipheial to the le^eI of artenal blockage, }et this is being 
done constantly Allen and Brow n,®^ Conw^ay and \Vilson and 
Roome leported unsatisfactory lesiilts in the tieatment of thrombo 
angiitis obliterans, and even Reid and Henmann®^ liaAe recently stated 
that they were no longei so enthusiastic as to the ultimate results kl) 
associates and I do not use it in the treatment of thromboangiitis 
obliterans, having obsened moie satisfactor} results with tiphoid 
vaccine 

Kountz ®® lepoited piessure suction to be of little value in experi- 
mental and clinical studies and devised an apparatus with a series of 
Clifts to be applied seiiallj the length of an extremit)', these to be 
operated in sequence and tending to “milk” the blood along the limb 
Increasing the temperatuie up to 40 C (104 F ) increased the flow 
about 8 pel cent m normal but less in diseased extremities Iontophoresis 
produced a similai i espouse Kountz and Smith reported encourag- 
ing lesults wnth this equipment in 23 cases of arteriosclerosis and 
thiomboangntis obhteians Then lesults are difficult to inteipret, how- 
evei, because in addition to this mechanized tieatment (ir) hypertonic 
saline solution was given lntra^ enously twnce a week, (&) alcohol was 
given dail}'- by mouth and (c) patients wuth thromboangiitis obliterans 
leceived typhoid vaccine intiavenously 

Fuithei, more caiefully controlled studies must be done to evaluate 
this type of equipment I have had no peisonal experience wuth it 

REACTIVE HYPEREMIA AND INTERMITTENT VENOUS OCCLUSION 

The phenomenon of “reactive Itypeiemia” has long been recognized 
Among the eail}^ descriptions aie those of Cohnheim and Lister 

51 Allen, E V , and Brown, G E Intermittent Pressure and Suction, 
JAMA 105 2029 (Dec 21) 1935 

52 Conwaj, J H Obhteratne Vascular Disease Report of Fift\-0ne 
Cases Treated with Passive Vascular Exercise, JAMA 106 115o (April 
1936 

53 Wilson, H, and Roome, N W Passu e Vascular Exercise Obsenation 

on Its Value in the Treatment of Peripheral Vascular Diseases, J A Jf 
106 1885 (May 30) 1936 

54 Reid, M R , and Herrmann, L G Non-Operatne Treatment of Pcnpbera 

Vascular Diseases, Ann Surg 102 321 (Sept ) 1935 

55 Kountz, W B Re-Estabhshment of the Circulation m Extremitie , 

Arch Ph^s Therapy 20 157 (March) 1939 ^ 

56 Kountz, W B, and Smith, J R Obser\ations on Passu e 
Exercise and Other Forms of Treatment of Peripheral Vascular Disease, 
Heart J 16 55 (July) 1939 

57 Cohnheim, J Untersuchungen uber die embohschen Processe, 

A Hirschwald, 1872 co 

58 Lister Bull Acad de med , Pans 8 640, 1878 , cited bj' Lewis and ran 



WRlGHT—OCCLbSIVE ARTERIAL DISEASE 


183 


The superficial manifestation is a blight flush of the skin which occuis 
aftei release of a ciiculatoi}’^ obstiuction Biei studied this phe- 
nomenon foi many }eais and developed theiapeutic pioceduies based on 
the principle that obstruction and then lelease of the ciiculatiou would 
produce a marked circulatoi) mciease and that this would be beneficial 
tor certain pathologic states This leflex was at fiist thought to result 
tiom rasoniotoi paialysis pioduced by pressuie of the constiicting 
band on the ner\es, but Bier deinonstiated that it can occur when eveiy 
connection between the limb and the body has been seveied except the 
artery itself (This apparently does not, howe^el, include seveiance 
of the s\ mpathetic nerves of the arterial wall ) Lewis and Grant 
sho\ted that hyperemia of the skin occurs on lestoiation of the cncu- 
lation e\en though the cutaneous nerves ha\e degeneiated Anesthetic 
skin cannot be differentiated by its reaction from noimal skin The 
leaction appears to be independent not onl}'- of the cential nervous 
system but of local neivous reflexes 

Bier and Zak expressed the opinion that when the circulation 
IS occluded the venous blood stagnating m the vessels causes them to 
contract and that “reactive hyperemia,” which follows lelease of the 
circulation, is a direct response of the vessels to the incoming blood 

Katzenstem and Krogh disagreed with this hypothesis, the latter 
especiall}’- taking exception to the theory that venous blood causes 
\essels to constrict vhile arterial blood causes them to dilate Bier’s 
conception depends on the supposition that the tone of the vessels is 
increased during occlusion and decreased when arterial blood enters 
them Lewis and Grant have, however, presented evidence that this 
IS not so and that dilatation of the vessels responsible foi the cutaneous 
hyperemia occurs during the occlusion and not at the release 

The exact mechanism by which this takes place has been difficult 
to determine, involving, as it probably does, complex intracellular and 
extracellular chemical problems As Roy and Brown pointed out, it 

59 Bier, A Hyperamie als Heilmittel, ed 2, Leipzig, F C W Vogel, 1905 , 
Contributions to the Phjsiology and Pathology of Circulation, translated b> J B 
Linn, New York, privately printed, 1905 

60 Lewis, T, and Grant, R Observation upon Reactiie Hjperemia in Man, 
Heart 12 73 (June) 1925 

61 Zak, E Ueber den Gefasskrampf bei intermittierenden Henken und uber 
gewisse papillomotonsche Erschemungen, Wien Arch f inn Med 2 405 (June) 
1921 

62 Katzenstem, M Ueber Entstehung und Wesen des arteriellen Collateral- 
kreislaufs, Deutsche Ztschr f Chir 77 189, 1905 

63 Krogh, A The Anatomy and Phjsiology of Capillaries, New Haven, 
Yale Umversitv Press, 1922 

64 Roj , C S , and Brown, J G The Blood-Pressure and Its V anations in 
the Arterioles, Capillaries and Smaller Veins, J Phjsiol 2 323, 1879, cited b\ 
Lewis and Grant 
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repiesents an attempt on the part of tissues deprived of a proper blood 
supply to become repossessed of it 

It should be emphasized that h)fperemia represents a phenomenon 
which is constantly occuiimg The part which bears the weight ot the 
body necessarily becomes ischemic When one moves about, shifting the 
weight, there is a flood of blood into the ischemic tissues to compensate 
for the accumulated debt to local metabolism When the weight is too 
constantly on certain aieas oi when the vascular tree does not permit 
this compensation, necrosis occuis Lewis and Grant®® published 
instructive studies of this phenomenon as it occuis after both arterial 
and venous obstruction and release Recent interest in the subject 
warrants a brief review of certain of their pertinent observations In 
relation to aitenal reactive hyperemia these authors reached the fol- 
lowing conclusions 

1 Increase m the environmental temperature within certain limits 
produces a definite increase in the response, e g, with temperatures 
of 15 to 20 C the increase in floiv on release of the constriction was 
2 cc m 600 cc of tissue, wheieas at a temperature of 40 C an identical 
plethysmographic experiment produced an increase of 15 to 20 cc of 
blood flow per minute to 600 cc of tissue It is thus very important 
that m all such studies the temperatuie should be carefully controlled 

2 Within certain limits, the longer the duration of occlusion tlie 
greater is the duration of the subsequent hyperemia The flush usually 
lasts approximately one-half to three-quarters as long as the preceding 
occlusion Occlusion lasting more than twenty minutes is very uncom- 
fortable, and if it lasts for hours it may produce paralysis,®® thrombosis 
or othei serious effects 

3 If a senes of plethysmographic curves is taken in which the 
periods of occlusion are constant and equal to the inteivening intervals, 
the individual cuives are identical in form (Only five successive 
curves were reported ) 

4 Arterial reactive h 3 fpeiemia following an occlusion lasting ten 
minutes produces a greater effect than soaking the arm in water at 
43 to 44 C for thirty minutes (As has been pointed out in this article, 
direct heat does not produce as great an increase m blood flow as does 
leflex heat^®) 

5 Exercise, according to comparative studies, produces an increase 
m blood flow which is greater in volume and duration than that pro 

65 von Volkmann, R , in Pitha, F J , and Billroth, T Handbuch der 
allgemeinen und speciellen Chirurgie, Stuttgart, Ferdinand Enke, 1882, vol 2, P 
2A, p 846 
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duced b) reactive hypeiemia In leactive Ityperemia all the soft tissues 
seem to be aftected, while in exeicise the effect is mostly confined to 
the muscles 

In relation to venous reactn^e hy^peiemia the authois concluded 

1 When occlusion of the venous return flow is produced, the venous 
pressure, within certain limits and with slight vaiiations, rises to equal 
the cuff pressure 

2 When the pressure is 40 to 50 mm of mercury for two minutes 
or more the pulse volume begins to increase , this becomes maximal in 
ten to fifteen minutes 

3 When a pressure of 20 to 30 mm of meicury m the cuff is 
leleased the plethysmographic curve is that of a simple diop to the 
base line as the veins empty themselves 

4 If the cuff pressure has been higher (40 to 60 mm of mercury") 
the descent of the curve is bioken by" a hesitation, or a secondary 
“hump” and reactive hyperemia occuis 

5 The size of this “hump,” within certain limits, is increased by 
{a) increasing the cuff pressure, {h) maintaining the cuff piessure for 
longer periods and (c) raising the temperature 

6 This “hump” is in all probability" produced by superimposed 
arterial active dilation and filling to a point at which the arterial blood 
is entering the limb more rapidly' than the veins are emptying 

7 Obliteration of the major artery supplying the limb will obliterate 
the hump 

8 Venous congestion earned to a high point (a pressure of 70 mm 
of mercury; for five to ten minutes seems to yield a curve of raso- 
dilatation not dissimilar m amplitude and duration to that produced 
by a somewhat shorter period of arterial occlusion 

9 The release of venous congestion in a normal limb is followed 
by flush displacing the cyanosis and varying in duration with the degree 
and duration of the previous congestion 

“The phenomenon of reactive hyperemia is related in its degree to 
one factoi — namely, to the blood flow debt which is usually a product 
of the amount by" which flow is reduced and the time over which the 
reduction has been maintained ” 

The hyperemia results from active dilation of those vessels which 
are responsible for the color of the skin, namely the arterioles, capillaiies 
and venules As has been stated, the mechanism is extremely" complex , 
the nervous reaction theory appears untenable Other factors, includ- 
ing oxygen deficiency and accumulation of carbon dioxide or of other 
metabolites, such as pituitary hormones have been studied, without 
conclusive lesults 
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The pioblem of possible therapeutic application of these piinciples 
has been emphasized by Biei and more lecently by Collens and 
\Vilensky,®“ who haA^e developed an “intermittent A^enous hyperemia 
machine” which is capable of lepioducmg a cycle AAuth the pressure 
and timing believed desirable 

Seveial questions must be consideied carefully m this regard Since 
the phenomenon of leactive hyperemia depends on and is related 
diiectly to a piecedmg “blood floAv debt” accumulated during the period 
of occlusion, IS it beneficial oi dangeious to tissues Avhich are bareh 
receiving enough nouiishmeiit foi life to go through periods of increased 
nutiitional debt, even though the hyperemia may compensate later? 

If the 1 espouse of noimal persons to arterial reactwe hyperemia is 
much more satisfactory than that to venous reactive hyperemia, should 
not pioduction of the foimei be theoretical!}' the technic of choice’ 

What IS the i elation of the expeiiment of Lewns and Grant (in 
which, by piessure occlusion of the subclavian artery the reactive 
venous hyperemia Avas abolished) to arterial obhteratiA’e vascular dis- 
ease and this type of therap} ? After lepetition of this phenomenon 
a great many times, does a fatigue syndiome set in, affecting the 
1 eaction ? 

These and many othei questions must be answered before the theo- 
letic conclusions aie accepted as satisfactory Veal and McCord®^ have 
studied the effects of complete aiteiial occlusion and intermittent venous 
occlusion on the oxygen content of the blood Avith the following results 
After complete arteiial occlusion of the arm for fiv'e to eight minutes 
folloAved by release, the oxygen saturation of the blood from the ante- 
cubital vein showed a definite rise m one minute m 9 of 11 cases The 
saturation then deci eased at A'arying rates Aftei intermittent venous 
occlusion, hoAveA'er, the tendency AA'as rcA'ersed In 8 of 11 cases there 
Avas a definite decrease m oxygen saturation of the blood at the end 
of one minute after release of the compression There AA'as no signi- 
ficant change at the end of three minutes This raises the question 
whethei by “using the C 3 'cle 2 2 oi 2 1 minutes” and the compression 
recommended (25 to 80 mm of mercury) true leactiA'e hyperemia is 
produced Perhaps the fatigue phenomenon prevnously mentioned 

66 Collens, W S, and Wilensky, N D (a) The Treatment of Peripheral 
Obliteratne Arterial Diseases bv the Use of Intermittent Venous Occlusion, 
JAMA 107 1960 (Dec 12) 1938, (&) Intermittent Venous Compression 
in the Treatment of Peripheral Vascular Disease, Am Heart J 11 70S (June) 
1936, (c) An Apparatus for the Production of Intermittent Venous Occlusion, 
ibid 11 721 (June) 1936, (d) Peripheral Vascular Diseases, Springfield, < 
Charles C Thomas, Publisher, 1939 

67 Veal, J R, and IiIcCord, W M Blood Ox\gen Changes Following 
Intermittent Venous Occlusion, Am Heart J 17 401 (April) 1939 



U' RIGHT— OCCLUSll' E ARTERIAL DISEASE 


187 


entered into these studies This possibility is not mentioned Allen 
and McKechnie studied the effect of inteimittent venous occlusion 
on the cutaneous tempeiature under controlled conditions In 19 
patients (9 noimal subjects and 10 peisons with Itypertension, arthiitis 
and peripheial vasculai disease) the)"^ found no evidence that any sig- 
nificant or consistent vasodilatation resulted from the procedure 

Clinical evaluation of eithei Bier’s h 3 'peiemia or inteimittent venous 
hyperemia is extremely difficult It appears that Biei’s h 3 ^peiemia has 
been largely abandoned in the United States, either because of lack of 
conclusive therapeutic results or because new methods seem to offer 
greater promise I have never been impressed with the clinical lesults 
of this technic in the tieatment of ai tei losclerosis obhteians or thrombo- 
angiitis obliterans and have long since ceased to use it 

The status of intermittent ^enous h 3 'peremia must, in all fan ness, 
be considered as not definitel 3 ' established Collens and Wilensk 3 ^ have 
repeatedly reported excellent results as following its use, but many of 
their patients were also treated with a regular “\ascular legimen” 
m\olving abstinence from smoking, warmth and lest (in certain 
cases), and these factors confuse the picture somewhat de Takats, 
Hick and Coulter ““ reported favorabty on the use of this technic in a 
series of 10 cases, but their conclusions were neakened by the fact that 
other treatments were used simultaneousl 3 % and then senes was too 
small to permit the drawing of any positive conclusions 

Kramer,'" Brown and Arnott and Wilson and Ogston have 
also reported favorably on this technic 

In the vascular disease clinic and in the waids of the New York Post- 
Graduate Medical School and Hospital we studied and used this 
apparatus in 23 cases over a period of about one year Occlusive 
conditions of varying severity were used — some advanced and severe, 
with gangrene , others earl 3 " and less severe, without gangrene In 

68 Allen, E V , and McKechme, R E , Jr Effect of Intermittent Venous 
Occlusion on the Circulation of the Extremities Studies of Skin Temperature, 
J Lab & Clin Med 22 1260 (Sept) 1937 

69 de Takats, G , Hick, F K , and Coulter, J S Intermittent Venous 
H\peremia m the Treatment of Peripheral Vascular Disease, JAMA 108 
1951 (June 5) 1937 

70 Kramer, D AV Periodic or Intermittent Venous Compression in the 
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71 Brown, J J M, and Arnott, W M Intermittent A^'enous Occlusion in 
the Treatment of Obliterative Vascular Disease, Brit M J 1 1106 (May 29) 
1937, Treatment of Obliterative Vascular Disease bi Intermittent A^’enous Occlu- 
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some instances the cuft was active on the patient piactically continu- 
ously for as long as six weeks, so that it cannot be charged that it was 
not given a satisfactoiy oppoitunity to demonstrate its worth We are 
perfectly willing to admit the difficulty of attempting to evaluate the 
effects of any therapy on the couise of such conditions, but the mem 
bers of oui clinic weie unconvinced of the value of the method, and 
m some instances it was felt to have been harmful It was therefore 
discontinued as a loutine measuie 

Certain contraindications foi its use became apparent (1) a level 
of arterial blockage above the level of the cuff, (2) active and spreading 
infection of the wound, especially with streptococci or anaerobic bacteria, 
(3) extreme toxicity of the patient, and (4) increased pain with the use 
of the machine (Collens and Wilensk)' suggested using a 25 mm 
pressure in ceitain cases Lewis and Grant have shown that reactive 
venous h)^peremia probably does not occur to any appreciable amount 
at this pressure ) 

For most cases a compression of 60 mm of mercury and a cycle of 
two minutes “on” and two minutes “off” is optimal The treatment 
may last from one hour to several months if the patient tolerates it 
well Reflex heat, as previously described, is advisable but I do not 
advise the use of short wave therapy or diathermy foi the involved foot 
as suggested by Collens and Wilensky 

This treatment appears indicated largely for arteriosclerosis oblit- 
erans and to a lesser degree for thromboangiitis obliterans, but the cases 
must be carefully selected 

COMMENT AND SUMMARY 

An attempt has been made to review and evaluate the more impor- 
tant of the methods used in conservative treatment of occlusive peripheral 
vascular disease, especially arteriosclerosis obliterans and thrombo 
angiitis obliterans The more general use of the conservative approac 
definitely affects the statistics on amputations It should be recognize 
that it is fai better surgery to take meticulous care of small lesions 
and produce healing than to perform major amputations In a senes 
of 100 consecutive cases of thromboangiitis obliterans studied since 
1931 by Littauer and me only 3 majoi amputations were performe , 
all on persons who would not stop smoking Most of the patients 
have been followed for two to eight yeais The incidence of amputa 
tion in this group may be expected to rise with the trauma and otie 
factois incident to the passage of time, but it is extremely doubt u 

73 Wright, I S , and Littauer, D An Analysis of the Results of 
tive Therapy in One Hundred Cases of Thrombo-Angiitis Obliterans, to 
published 
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that the former amputation rate of 40 to 50 per cent will again be 
observ'ed For arteriosclerosis obliterans our figures are not so encourag- 
ing We have not yet compiled statistics on this condition, but we have 
been impressed by its more hesitant response to therapy On the othei 
hand, an increasing number of patients who have been advised to submit 
to amputation are today walking on the condemned leg as a result of 
consen'ative therapy Continued study ma)’- result in greater success 
in this regard Amputation must be regarded as an admission of defeat, 
an acknowledgment of the physician’s inability to solve the problem 
vith which he is confionted 

It IS important that the recent tiend in certain quarteis touard sub- 
mitting all patients with vascular disease to the same form of therapy, 
whether it be use of the pressure suction boot, administration of hyper- 
tonic saline solution or intrarenous administration of typhoid vaccine, 
be discouraged The problems presented b} different diseases and by 
different patients with the same disease are more frequentl)' unlike than 
identical Each should be given individual consideration befoie the 
therapeutic regimen is instituted It is also of Mtal importance that the 
conception that peripheral vascular disease is puiely local, involving 
only the extremities, be overcome Each patient should be submitted 
to a complete study in order that evidences of vascular damage any- 
where in the body may be discovered and proper therapy instituted 
For example, it is not yet generally recognized that thromboangiitis 
obliterans may affect any artery in the body 

This whole field is just beginning to “open up ” New studies are 
constantly being reported which modify the current conceptions I 
am deeply conscious of the limitations of such a review as this Another 
decade will no doubt clarify many of the issues raised in this symposium 
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Thiomboangiitis obhteians is a clinical and pathologic entity char- 
acterized by penpberal arteiial tbromboses of obscure origin^ On the 
basis of our investigative work, we have concluded that tbi omboangiitis 
obliterans in tbe majority of our cases is associated witb the following 
factors (i) changes in the blood, (2) disturbed tissue metabolism, 

( 3 ) aiteiial and venous thromboses, which occui most fiequently in 
the peiipheral vessels but ma)^ occur m any part of the body, and 

( 4 ) local infection in the involved extiemity Until the complex adjust 
ments which compensate foi pathologic conditions of the blood are 
better understood, it will be difficult to detect the disease before serious 
circulatory deficiency results fiom arterial thrombosis Infection, 
infarcts oi gangrene frequently directs attention to the circulator) 
disease 

Various changes in the blood have been repoited since Koga* first, 
m 1913, reported increased viscosity In cases of acute involvement we 
have reported increased viscosity of the blood, rapid sedimentation of 
the cells, rapid coagulation, inci eased alkalinity and ai terial-hke oxygen 
saturation of the superficial venous blood from the involved extieinit) 
In improved or recovered patients with thromboangiitis obhteians and 
in patients with other peripheial circulatory diseases these conditions 

From the Department of Surgery and the Department of Pathology of 
bytenan Hospital, and from the Rush Medical College of the Unnorsitj 
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of the blood weie not present These findings indicated that theie is 
a relation between the stage of the disease and the complex factois of 
the pathologic ph)fsiology of the blood To evaluate the importance 
of changes in the blood, obseivations should be made while thiomboses 
are forming and during the acute stage of the disease 

Our stud}^ of the blood m thromboangiitis obliterans included an 
investigation of the changes produced by smoking We reported ^ that 
smoking b}’’ patients with thromboangiitis obliterans geneially results 
m decreased peripheral cutaneous tempeiatuies, inci eased pulse rate, 
elevated blood pressure, decreased oxygen satuiation of the arterial 
blood, decreased oxygen saturation of the venous blood m patients with 
acute thromboangiitis obliterans and increased oxygen saturation m 
the impioved patients and m normal controls Most of the lesponses 
seem to be physiologic protective adjustments to reduced oxygen satura- 
tion of the arteiial blood Failure of compensatory adjustment to heavy 
smoking m some persons may be a cause of thromboangiitis obliterans 
leading to thrombosis 

Haddock and Coller ’ leported that nicotine is the important ingre- 
dient of tobacco and that the deleterious effect of smoking is due to the 
pharmacologic action of nicotine on the peripheral sympathetic neives 
On the contrary, we found that the specific action of smoking is not 
entirely on the sympathetic nerves We observed a decline in tempeia- 
ture of 4 degrees (C ) on the sympathectomized fingers aftei smoking 
in a case of Raynaud’s disease Similar response to epinephrine was 
observed on sympathectomized extremities in cases of Raynaud’s disease 
by Smithwick, Freeman and White® These observations suggest that 
the effect of smoking on the pulse, blood pressure and peripheral 
temperatures is due to substances in the circulating blood m addition 
to sympathetic ^asomotor stimulation of the peripheral vessels 

In the treatment of thiomboangiitis obliterans we have had con- 
siderable clinical success with sodium tetrathionate (NaoS^Oo H,0) " 
and sodium thiosulfate (NanS^O- 5 H^O) This treatment was duected 

4 Theis, r V, and Freeland, M R Smoking and Thrombo-Angiitis 
Obliterans, Ann Surg, to be published 

5 Maddock, W G , and Coller, F A Peripheral Vasoconstriction bj Tobacco 
and Its Relation to Thrombo-Angiitis Obliterans, Ann Surg 98 70-81 (July) 
1933 

6 Smithwick, R H , Freeman, N E and White, J C Effect of Epinephrine 
on the Sympathectomized Human Extremitj An Additional Cause of Failure of 
Operation for Rajaiaud’s Disease, Arch Surg 29 759-767 (No\ ) 1934 

7 Sodium tetrathionate has been prepared for us evperimentallj and supplied 
b\ G D Searle and Companj, of Chicago 
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towaid improvement of the condition of the blood The following 
facts seem peitinent 1 Pathologic changes in the blood are present 
during the acute stage of the disease 2 Chnicall}’^, smoking is asso 
ciated with an acute attack of the disease, and we beheie that hea\w 
smoking may contiibute to the changes in the blood 3 Sodium tetra- 
thionate and sodium thiosulfate are of clinical value in the treatment 
of the disease We aie leporting the results of our investigation of the 
effect of these solutions on vaiious changes in the blood and pltysiologic 
responses which aie affected by smoking The two solutions are referred 
to as the inorganic sulfur compounds 



Fig 1 — Patient with thromboangiitis obliterans The blood picture m his case 
IS given in table 2 The left leg was amputated in 1935 There w'as recurrence 
01 the disease in the right foot in 1936 


METHOD or INVESTIGATION 


The methods of obtaining peripheral temperatures, pulse late 
pressure and of collecting and analyzing the blood were the same as 
in our previous wmrk® Determinations of glutathione were made bj 
of Woodward and Frj 


and 

tho'c w'cd 
the method 


8 Theis, F V, and Freeland, M R Peripheral Circulaton Disease 

of Alternating Positive and Negative Pressure Treatments on Venous ® ^ 

the Skin Temperatures, JAMA 197 1097-1104 (Oct 7) 1936, footnote^ 
and 4 

9 Woodward, G E , and Fry, E G The Determination of Blood Gu 
thione, J Biol Chem 97 465-482 (Aug ) 1932 
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After the period of stabilization of the subject at rest in bed and initial obser- 
vation of peripheral tempeiatures, pulse rate and blood pressure, specimens of 
arterial blood from the right radial arterj or of venous blood from the right 
antecubital vein were obtained under oil and immediately transferred to mercury 
tonometers Injections of sodium tetrathionate or sodium thiosulfate in 10 cc of 
triple-distilled water were gnen in the left antecubital vein, and ten minutes later 
specimens of blood were again withdrawn from the right side The various 
observations mentioned were repeated under the same resting conditions after the 
injection 

RESULTS 

PenpJteial Tempo atui es — The average temperature of the fingers 
and toes was usuall}’- increased after intravenous injection of either 
solution Figuie 2 shows that the inorganic sulfur compounds had 



Fig 2 — Changes in peiipheral temperature of the skin The inorganic sulfur 
compounds produced the opposite effect on the temperatures to that which occurred 
after smoking Increased temperature is indicated by solid black, decreased tem- 
perature, by diagonal lines 

an action that was the opposite of smoking The moie rapid and higher 
elevations in temperatures weie produced the sodium thiosulfate 
solution, but the eftect was of shorter duration than with sodium tetra- 
thionate Deci eased tempeiatures were occasionally observed, espe- 
cially in neivous patients, probably as a result of the puncture 

Cutaneous temperatuies were more constantly increased when no 
element of Aasoconstriction was present In completel} sympathec- 
tomized extiemities oi when block of the peripheral ner\es with pro- 
caine hydrochloride had demonstrated organic circulator} disease, the 
inorganic sulfur compounds still produced an increase in cutaneous 
temperature of 0 5 to 1 degree (C ) Since vasomotor action was no 
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longei piesent in these cases, the increased cutaneous tempei attires were 
pioduced thiough the blood stream, piobably as a result of increased 
local tissue metabolism 

Blood Piessiue — The extent of the leduction in blood pressure 
which fiequently followed injection of inoiganic sulfur compounds in 
patients with thi omboangiitis obliteians depended on the initial pressure 
High initial levels responded with a gieatei reduction in pressure In 
the acute stage of the disease the blood piessure was not elevated, 
consequently a less maiked i eduction occuired after injection The 
1 eduction varied fiom 8 to 40 mm of meicuiy in different patients 
and also in the same patient on different days The diastolic pressure 
was less affected than was the systolic, although the two were occasion- 
ally affected to the same extent 


Mercury pressure 



Minutes 


Fig 3 — ^Effect of inorganic sulfur on a patient with essential hjpertension 


and 


peripheral circulatory symptoms Marked sjmptomatic lelief accompanied reduc 
tion in the systolic and diastolic blood pressures and in the pulse rate after 
intravenous injections of 0 4 Gm of sodium tetrathionate Bimonthly and then 
monthly injections over a period of eighteen months have maintained the su 
jective and objective improvement 


Hj'pertension with peiipheral circulatoiy symptoms (fig 3) 
benefited by intravenous injections of the sulfur compounds to the same 
degree as the circulatory diseases with hypertension, especially when 
smoking is a cause of the elevated pressuie (fig 4) The immediate 
reduction in pressure vv^hich followed injection was almost ahtajs 
transitory, but occasionally with subsequent injections the pressure 
remained at a lower level Sodium tetrathionate produced a 
constant and longer-lasting effect in loweiing the pressure than ■ 
sodium thiosulfate 


THUS-FREELAND— THROMBOANGIITIS 0BL1TER4NS 195 


Pulse Rate — The pulse rate was usually slower after injection of 
the solutions, especially when the initial late was higher than noimal 
With a rate of 80 oi 90 pei minute, a drop to 70 oi less was not uncom- 



Fig 4 — Effect of 11101 game sulfui on a clinicall> well patient Mith thrombo- 
angiitis obliterans and li>pertension who continued to smoke two or more pack- 
ages of cigarets daily The right leg had been amputated In addition to the 
marked reduction in blood pressure and slowing of the pulse rate, insignificant 
changes occurred in the peripheial temperatures and m the arterial ovygenation 
after injection of 06 Gm of sodium tetrathionate Clinical improvement has been 
maintained for four jears by biueekh injections, despite heavy smoking 



Fig 5— Effect of inorganic sulfur on a patient with Raynaud’s disease The 
initial oxygen saturation of the arterial blood was 79 40 per cent Normalh, in 
this vicinity the oxjgen saturation is from 92 to 95 per cent After injection of 
04 Gm of sodium tetrathionate, eleiation of the initial low blood pressure was 
accompanied by an increase of 9 73 per cent in oxi gen saturation of the arterial 
blood and bj a reduction m the pulse rate 
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mon The effect of the inorganic sulfur compounds on the pulse rate 
was of longer duiation than its effect on the blood pressure 

In 2 cases of Ra3maud’s disease with initial low oxygenation of the 
aiterial blood and low blood pressure, injection of the tetrathionate 
solution was followed by elevation of the blood pressure to a normal 
level, slowing of the pulse and increased oxj^gen saturation of the arteiial 


Table 1 — Changes in the Oxygen and Carbon Dtovide Content of the Arterial 
Blood and in the Peupheial Cutaneous Teinpei atures Ten Minutes Aftci 


Inti avenoiis Injection of an 

Inotgamc Sulfui i 

Compound 




Initial 

Change In 

Change 





Oxygen 

Oxygen 

in 

Change in 


Ovygen 

Satu 

Satu 

Carbon 

Temperature 


Capacitj, 

ration, 


Dioxide, 








Vols % 

% 

% 

Vols % 

Toes 

Fingers 

Controls (normal) 





Avenge for 10 patients 

20 24 

93 20 




-OiC* 

Mr A 

20 96 

93 91 

—2 09 

—1 34 

—09 C* 

Mr K 

18 20 

94 40 

+1 90 

— 5 40 

-Old 0* 

-07 C* 

Peripheral circulatorj disease 
(thromboangiitis obliterans) 






+15 0 

Mr P 

19 16 

87 50 


+0 62 

—04 0 

Mr S 

16 SO 

9189 

+2 25 

—213 

+0 2 0 

+02 0 

Mr E 7/27/39 

11 00 

9010 

—8 70 

—1 50 

+1 3 C 

+O4’0 

8/10/39 

17 00 

9010 

-5 80 

—0 80 



Mr Z 

11 08 

94 00 




+13 C 

Mr B,G/17/37 

20 48 

8814 

+1 03 

-210 

+0 4 C 

6/23/37 

Mr S , 7/ 8/37 
ni29IZ7 

19 03 

93 44 

—3 24 

—1 S3 

+10 0 

+06 0 

19 93 

87 80 

+1 30 

-0 02 


-02 0 

17 74 

>■8 20 

+0 80 

-0 SS 

+0 2 C 

Mr H 

19 98 

80 34 

+3 82 

—1 SO 

—12 0 


Mr P 

17 71 

94 82 

—0 74 

—2 83 

+0 5 0 

+02 0 

Mr M 

10 30 

91 22 

—1 58 

—1 54 

+0 5 0 

Mr B, 4/19/39 

14 29 

8120 



+14 0 

+06 0 

7/22/39 

20 00 

91 40 

+2 80 

+0 05 

Raynaud s disease 





00 0* 

00 0* 
00 0 
-05 0 
+20 0 
+3 2 0 

Miss J , 2/9/39 

10 64 

79 40 

+9 73 

+0 82 

0/8/39 

10 63 

9300 

+0 30 

—0 20 

00 0 

Miss P 

17 30 

82 90 

+14 00 

+1 51 

00 0 

Miss B 

17 04 

95 50 

+0 30 

—0 59 

00 0 

Mrs W 

10 80 

84 00 

+6 50 


—09 0 

Senile arteriosclerosis 





+3 7 0 

+0 2 0 
—03 0 

Mr P 

15 75 

98 05 

—4 91 

— U 70 

Mr B 


9104 

+0 32 


—2 5 0 

Unclassified conditions 





+0 6 0 
+3 5 C 

— 12*0 
+08 0 

Mr Do 

Mr S 

14 72 

19 00 

S9 39 
95 04 

+2 29 

9 91 

—103 
+0 96 

Mr D 

18 80 

88 00 

+4 m 

+0 90 

—09 0 

00 0 

Mr S 

20 00 

83 90 

+14 80 



* Decreased peripheral temperatures usuallj occurred in nervous patients when 
was encountered m performing artcriopuncture 


difDcuity 


blood (fig 5) This indicates a relation between the physio og^ic 
mechanism of blood pressure, the pulse rate and the oxygenation 
the arterial blood 

Aifenal Blood — The oxygen capacity of normal arterial blood 
from 19 to 21 volumes per cent in males and from 17 to 19 
per cent in females In patients with thromboangiitis obliterans 
capacity varied from 11 to 20 volumes per cent (table 1) Two pa 
had an oxygen capacity of only 11 volumes per cent without a 
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tion m the erythroc}'te count and the hemoglobin index to account for 
the low capacity The venous blood of another patient (no arterial 
blood obtained) had an oxygen capacity of 10 volumes pei cent (table 2) 


Table 2 — Effect of Sodium Thiosulfate or Sodium Teti athionate on Blood IVith- 
diawn fiom the Right Cubital Vein Ten Miniitci After Injection m Left 
Cubital Vein in a Case of Tin omboangiitis Obliteiaw;^ 


Content ol 



0\rgen 

, ^ , 

0\5 gen 

Percentage of 

Changes m 


OapTc 

Ovy Carbon 

Satu 

Hemoglobin and 

Temperature 


ity, gen, Dio\idc, 

ration, 

Blood Counts 

, 

-A, 


Vols % Vols % Vols % 

% 

per Cu Mm 

Toes 

Pingers 

6/23/30 sodium thiosulfate, 2 Gm new case no previous treatment 



Before injection 

10 31 

7 61 45 58 

73 82 

Hb 78 



After injection 

17 42 

17 13 39 31 

9S40 

R B 0 4 080,000 



Change 

-r7 11 

+ 9 52 —6 27 

+24 53 

W B C 8,900 



7/2/S6 three days of sodium thiosulfate (2 Gm ) 





Before injection 

10 08 

6 81 52 02 

07 60 

Hb 70 



After injection 

14 70 

12 30 45 57 

63 07 

R B C 3,950,000 



Change 

+ 4 02 

*f5 40 — 6 45 

+10 07 

W' B C 9 900 



12/10/30 no treatment for 5 months. 

improved but stili has 

continuous rest pains 


Before injection (arm) 

14 11 

9 42 30 82 

06 77 

R B C 4,100 000 



10 min later (repeat) 


92S 4687 

65 76 




After injection 

13 32 

1050 4500 

78 80 

BBC 3,080,000 



Change 

• — 0 79 

+1 04 —1 70 

+12 03 



+0 4 

Before injection (leg) 

15 22 

5 13 47 02 

33 70 

R B C 3,970,000 



After injection 

14 2i 

C0> 4927 

42 SS 

R B C 3 550,000 



Change 

—1 00 

+0 93 +2 2a 

+8 58 



-0 8 

Coagulation time, isi mm 







Sedimentation time, 10 min 






12/23/30 two neehs daily treatment, sodium thiosulfate 2 Gm dailj 



Before injeetion 

1510 

12 02 39 55 

79 00 

B B C S 570,000 



After injection 

1517 

12 OS 39 10 

70 00 

R B C 3,770,000 



Change 

+ 0 07 

4*0 OC -“O 40 

000 


+01 

+0 8 

1/6/37 sodium thiosulfate, 2 

Gm daily marLcd clinical improvement no piin 



Before injection 

15 27 

8 18 51 37 

53 00 




After injection 

13 25 

10 40 47 S8 

68 00 




Change 

-0 02 

+2 2b —3 49 

+ 15 CO 


+0 3 

+1 3 

4/1/37 improving no treatment for four months 





Before injection 

10 02 

901 48^1 

54 02 

BBC 4,070 000 



After injection 

10 02 

975 40 02 

58 65 

R B C 4 SCO 000 



Change 

000 

+0 74 —2 79 

-4 03 


+0 8 

+1 0 

Pa before, 7 493 







pn after, 7 548 







1/13/3S injection of 0 0 Gm 

sodium 

tetrathionate 

no pain improMn£, no 

treatment since 

April 1 , 1937 







Before injection (arm) 

1j7S 

12 OS 37 04 

70 <j4 

R B C 3,030 000 



After injection 

15 50 

8 SO 38 02 

o6 45 

R B C 4 110,000 



Change 

—019 

—3 28 a-OSS 

—2011 


—00 

•f-O > 

Eifore injection (leg) 

15 02 

4 62 41 50 

"0 77 

R B C 3 100 000 




Sedimentation time lo min 


* There nas an acute recurrence of the condition in the left foot The nnht loir had been 
amputated (fig 1) 


The exceptionally low 0x3 gen capacit\ in such patients ma} be due to 
some unknown ingredient of the dark blood which interferes with the 
analytic reagents or to some inactne form of hemoglobin Spectro- 
scopic and quantitative cliemical tests l)a^e not re\ealed the presence 
of significant amounts of methemoglobin and carboxt hemoglobin 
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The oxygen saturation of normal arterial blood in this locality is 
fiom 92 to 95 per cent In cases of thromboangiitis obliterans as well 
as of Raynaud’s disease the oxygen saturation was found to be as low 
as 80 per cent In cases with unusually low oxygen capacity, normal 
oxygen saturation was noted Low blood pressure, especially in the 
presence of Raynaud’s disease, may contribute to the low oxygen satura- 
tion of the arterial blood 

Treatment in these cases with sodium tetrathionate or sodium thio 
sulfate was usually followed by leturn of more nearly noimal oxygen 

Table 3 — Changes m Oxygen Salutation of the Venous Blood After Injectwti 
of an Inorganic Sulfur Compound 


Percentage of Oxygen Saturation 



m 

/ 

Increase 



Decrease 



o 

t 

tn 




to 






m 

S 

g 


U1 

o 

B 

e 



a 



o 


P 

P 

U 


oS 

d 

o 

s 

1 

a 

u 

& 

0 

s 

*5 

H 

a 

C3 

U 

V 


O /• 

o 



< 



2 

< 

Normal controls 

Patients -nith peripheral circula 

11 

2 

9 JC 

3 2C 

CSC 

9 

15 27 

05 


tory disease 

Thromboangiitis obliterans 

20 

38 

34 10 

0 02 

9 44 

10 

21 70 

06 

90S 

394 

Neurocireulatory disease 

7 

i 

32 94 

02 

14 IS 

3 

0 34 

126 

Patients with polycjthaemia xera 










(not thromboangiitis oblit 
erans) 

2 

2 

10 4 

39 

710 

0 




Patients with arteriosclerosis 










Senile 

2 

2 

34 

1 S 

3 G 

0 




Diabetic 

1 

0 




1 

19 75 



Patients xvith frostbite 

Patients with thrombophiebitis 

1 

0 




1 

03 



Acute 

Eecovered 

1 

2 

1 

0 

21 



0 

2 

9 81 

517 

749 


capacity, saturation of the aiteiial blood, blood pressure and pulse rate 
Clinical improvement accompanied these changes 

Venous Blood — After injection of the inorganic sulfur compounds 
the oxygen saturation of the venous blood was decreased m 81 
cent of the normal controls and increased in 79 per cent of patients w 
thromboangiitis obliteians (table 3) A similar increase m 
saturation occurred in 2 cases of Raynaud’s disease The fact 
the change in oxygen satuiation of the venous blood of patients 
thromboangiitis obliterans was opposite to that which occurred m 
normal controls is significant The increased peripheral tempera ^ 
and the accompanying changes in the venous blood were the re' 
of those which occurred after smoking (figs 2 and 6) 
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The ox 3 'gen capacity of the venous blood of some patients (table 2) 
with thiomboangiitis obhteians was increased after injection of the 
inorganic sulfui compounds This has been discussed m connection 
with the arterial blood and was not due to changes m the eiythrocyte 
counts and hemoglobin content Since colorimetric hemoglobin stand- 
ards are based on oxygen capacity, the aforementioned changes in the 
oxygen capacity of the dark aiterial and the venous blood suggested 
activation of some mactn e hemoglobin bj' the sulfui compounds An 
increase in glutathione, which is a sulfur-containing oxidation catatyst, 
may contribute to this action The catalyst maj^ be deficient m any 
of the body tissues, but its deficiency m the blood would be leflected 
thioughout the body 

no 


eo 


eo 


40 


20 


0 


20 


40 


60 




JOO 

Fig 6 — Changes m oxygen saturation of the lenous blood from the right ante- 
cubital vein Note the opposite effect of the inorganic sulfur to that of smoking 

Ghitathwne — The utilization of oxygen b) the tissues has been 
shown to be paitly undei the control of an oxidation catahst, gluta- 
thione This substance is found in the blood m tt\o forms, the i educed, 
active foim and the oxidized, inactive form The lesults of otii study 
of the glutathione content of the venous blood aie contained in table 4 
The aveiage content for the normal controls and for patients \Mth 
arteiiosclerotic disease was piacticalU the same 

10 Ammundsen, E The Presence of Xon-0\xgen-Combimng (Iinctne') 
Hemoglobin m the Blood of Normal Indn iduaF, Science 90 372-373 (Oct 20) 
1939 
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In 2 cases of acute tin omboangntis obhteians we found an unusnall} 
low content of tbe i educed foini of tbe catal}st and a bigb content of 
tbe oxidized foim Aftei intensive tieatment witb tbe inorganic sulfur 

Table 4 — Ghttatinone Content of the Venous Blood Effect of Sodium Tetia- 
tlnonate and Sodium Thiosulfate on Unticated and Tieated Tltiombo- 
angiitis Obhteians and Other Peitphcial Ciiculatoiv Diseases 


Glutathione Jig- /ICO Cc 



No of 

No of 

r~ 

A 

^ 



P itients 

'Icsts 

Total 

Kcducccl 

OMdized 

Comment 

Controls 







JIa\imuin 



COO 

U 6 

34 4 


Jlmimum 



39 4 

25 5 

13 9 


A\ erage 

S 

10 

5S23 

3S2S 

21 04 

Normal 


Peripheral Cireulatorj Diseases 
Thromboangiitis obliterans 
Acute 

Mr E I\ow case 


S/2o 

09 5 

12 7 

50 8 

No treatment 

S/27 Iniection of 0 6 Gm 

sodium tctrathionatc 



Before injection 

61 4 

11 7 

49 7 


Aftei injection 

61 3 

12 7 

4S0 


9/24 Injection of 1 Gm s 

odium thiosulfate 




Before injection 

SOS 

52 0 

31 2 

Treated 4 wccL' 

After injection 

79 S 

506 

23 2 

improved 

Jlr JI Both logs ini oh ed prtiiousli hands invohcd 

non 


8/30 Injection of 0 0 Gm 

sodium tctrathionatc 


Recurrence 

Befoie injection 

G1 >1 

181 

43 3 


After injection 

47 5 

17 0 

30 5 


9/10 Injection of l Gin sodium thiosulf itc 



Inten'ue treatment 

Before injection 

61 3 

5(> 0 

') " 

After injection 

71 4 

54 1 

17 3 


Jlr S 

9/9 Injection of 0 4 Gm 

sodium tctrathionatc 


Intensive treatment 

Before injection 

6130 

38 2S 

23 02 

t-n 0 month' 

After injection 

01 40 

38 20 

23 20 

improved 

11/15 Injection of 1 Gm 

sodium thiosulfate 



Serious infection 

Before injection 

538 

30 8 

23 0 

del eloped on call 

After injection 

52 4 

SOS 

13 0 

of leg 

11/20 Injection of 0 0 Gm 

sodium tetrathionate 



Before injection 

48 9 

S4 C 

14 3 


After injection 

55 2 

37 o 

17 9 


11/29 Injection of 0 0 Gm sodium tctrathionatc 


Infection clearing 

Before injection 

52 1 

31 5 

176 

up 

After injection 

5C2 

34 8 

21 4 


No of No of 




Patients Icsts 




Improied or lecoicrcd 





Maximum 

83 S 

52 0 

31 2 


Minimum 

37 0 

201__ 

5 3 


Average 15 

30 50 11 

33 04 

16 54 


Raynaud’s disease 





Maximum 

52 0 

29 5 

31 7 


Minimum 

34 4 

119 

S 0 


Average 3 

0 3S 77 

24 SO 

13 97 


Senile artenoscleroais 





Maximum 

69 0 

44 6 

23 4 


Jlinimum 

586 

36 6 

18 5 


Average 5 

5 61 50 

40 08 

21 42 

- — 


compounds tbe reduced glutatbione as well as tbe oxidized su 
was frequently inci eased above normal levels In Raynaud s ise 
both tbe 1 educed and tbe oxidized foim weie below normal 
One patient witb Raynaud’s disease bad an initial reduced glutatno 
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content of 11 mg pei hundred cubic centimeters of blood, which was 
the low level found in cases of thromboangiitis obliterans The clinical 
similarity between Raynaud’s disease m females and thromboangiitis 
obliterans in males is occasionally observed 

Du set Action of the Snlfm Compounds on the Blood — Ox}gen and 
caibon dioxide deteiininations foi the venous blood weie made before 
and after addition of a few crystals of the chemical to the blood The 
oxygen capacity and content thus examined in vitro were unaftected, 
but the carbon dioxide content was reduced In vivo, however, the 
small amount of the sodium solutions injected intiavenously would be 
insignificant in reducing the caibon dioxide content of appi oximately 
6 quarts of blood 

Reaction of the Blood — The actual and the theoretic pu of the 
lilood weie frequently increased temporarily by the injection of the 
sulfui compounds A rapid increase in pn from 7 42 to 7 52 as obseived 
in 1 clinically recoveied patient with thiomboangiitis obhteians could 
not have been due to the action of the small amount of sodium m the 
solution in reducing the caibon dioxide content of the blood Changes 
in the oxyhemoglobin could be reflected in a shift of hydiogen ion 
concentration Activation of some form of inactive oxyhemoglobin 
would contribute to this effect The high pu (7 60 or more) which we 
leported for patients m the acute stage of thromboangiitis obliterans 
was found to be reduced to normal levels aftei intensive treatment with 
the inorganic sulfur compounds 

Blood Counts — The immediate effect of the inorganic sulfui com- 
pounds on the eiythrocyte counts was studied in 30 cases The lesults 
showed no constant change Polycythemic counts, howevei, returned 
to normal after intensive tieatment The high erythrocyte counts and 
hemoglobin values weie piobably compensatory adjustments for a 
deficiency in available ox}’’gen 

Erythrocyt/" Counts p«r Cubic Millimeter of 
Blood (SO Patients) 

^ ^ 
MnMinum 'Minimum AveraRc 

Before imeefion *?G10,000 GSOOOO 4 SSOOOO 

After injection aSOOOOO 3 570,000 4 770 000 


11 Retd, M R The General Care of Peripheral Vascular Diseases, A.nn 
Surg 96 733-743 (Oct ) 1932 Homans 

12 Litarczek, G , Aubert, H , and Cosmulesco, I Studies on the Mechanism 
of the Reaction of Glutathione on the Dissociation Cur\e of 0\a hemoglobin 
Compt rend Soc de biol 109 781-783, 1932 

13 Barcroft, T The Respirators Function of the Blood I Lessons irom 
High 'Mtitndes, London, Cambridge Uni\ersit\ Press 1925 
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Exaction of Sulfate in the Unite — Thiosulfate is rapidly oxidized 
in the body and largely excreted in the urine as sulfate Holb^ll“ 
1 eported that 60 to 70 per cent is thus eliminated, and Walko found 
50 to 70 per cent in the urine This lapid elimination offers an expla- 


Table 5 — Effect of Intravenous Injections of Sodium Thiosulfate and Sodium 


Teti athionate on Evcietion of Sulfates in the 

Uunc 



Dnne 

Inorganic 

Total 

Twenty Four Hour Specimens 

^ olume, Cc 

Sulfates 

Sulfates 

Controls 




Mr M No injection 

1,400 

1 0556 

llo92 

Mr 0 ^o injection 

1,000 

1 2480 

1 3420 

Composite specimen (aver of 12 patients, no injection) 

2,674 

129j7 

13oS9 

Mr V 




5/18/37 No injection 

510 

0 0100 

0 6703 

5/19/37 2 Gm sodium tliiosulfate 

610 

lS9a9 

191d4 

5/20/37 0 885 Gm sodium tctrathionatc 

300 

0 5112 

Oo^S 

Thromboangiitis obliterans 




Mr N 




4/28/37 0 8S5Gm sodium tetrath omte 

1 400 

1 5344 

ISO'S 

4/29/37 No injections smoking eigaret 

2,200 

1 o9i2 

1 7248 

4/30/37 2 Gm sodium thiosulfate 

2 500 

21800 

2 38 0 

5/ 1 37 No injection no smoking 

3,500 

1 5820 

17150 

Mr B 




6/16/37 No injection 

2,100 


215i0 

6/17/37 2 Gm sodium thiosulfate 

3,425 


3 2226 

6/20/37 2 Gm sodium thiosulfate 

3,350 


3 74o2 

6 / 23/37 0 885 Gm sodium tctrathionatc 

3,375 


3 cyoT 

6/24/37 2 amp of 0 885 Gm sodium tctrathionatc 

2,275 


31SC0 


Individual Specimens 
Thromboangiitis obliterans 
Mr M 5/20/37 0 SS5 Gm sodium tctrathionatc 
Before iniection 
After injection, % hour 
21/4 hours 

Mr N 5/4/37 1 Gm sodium thiosulfate 
Before injection 
After injection 1 hour 

5/8/37 1 Gm sodium thiosulfate 
B"fore injection 
After injection, 1 hour 

1% hours 

2 hours 

5/12/37 OSSj Gm sodium tctrathionatc 
Before injection 
After injection, 1% hours 

3 hours 

5/13/37 0 885 Gm sodium tctrathionatc 
Before injection 
After injection, 2 hours 
Mr B 5/20/37 2 Gm sodium thiosulfate 
Before injection 
After injection, % hour 
2% hours 


270 

285 

465 

0 0292 

0 0410 
01711 

0 0443 
0 0407 
0 2S62 

50 

50 

0 0570 

0 2174 

0 0672 
02 >32 

50 

75 

250 

300 

00804 

0 2361 
01060 

0 0990 

OOS32 
0 2463 
01150 
01008 

50 

50 

50 

0 0834 

0 2480 

0 2300 

0 0922 
0 2726 
02>24 

77 

68 

01029 

0 3370 

01141 
0 3467 

315 

135 

285 

01551 

0 2084 
01915 

OlOla 

02392 

0 2383 


* One gram of the thiosulfate (Na=S»03 5 HsO) contains 0 258 Gm of sulfur, and O'Sa G® 
sodium tetrathionate (NaiSiOo,!!:©) contains 0 393 Gm of sulfur 


nation for the transitory effect of the thiosulfate solution on the 
peripheial temperatures, pulse rate and blood pressure 

14 Hclbfill, S A Quantitative Determinations of Sodium Thiosulphate m 
the Urine, Klin Wchnschr 4 1636-1640 (Aug 20) 1925 

15 Walko, K Concerning the Removal of Poisons b}' Oxidizing Agents, 
Arch mternat de pharmacodjn 4 311-323, 1897-1898 
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At the suggestion of William D McNally, of the department of 
toxicology, we had prepared for us sodium tetrathionate (NajS^Oo H^O), 
which he had found to be more beneficial than sodium thiosulfate 
(NajSoOg SHgO) m cases of metallic poisoning The intravenous dose 
(1 Gm ) of sodium thiosulfate contained 0258 Gm of sulfui, and 
the 0 885 Gm of sodium tetrathionate injected contained 0 393 Gm 
of sulfur The results of sulfate determinations for the urine are 
shown m table 5 The entire additional elimination after injection 
was m the free sulfate The lemamdei, present as etheial sulfate, 
was apparently unaffected The volume of urine in individual specimens 
had no relation to the amount of sulfate eliminated, although the twenty- 
four hour volume indicated diuresis No food was taken for at least 
four hours befoie the individual specimens were obtained or during 
the period of collection of subsequent specimens This prevented 
changes m the determinations as a result of diet 

Determinations of the sulfate content of the uime immediately before 
and at varying intervals after injection showed that the thiosulfate 
solution was more rapidly eliminated than was the tetrathionate In 
cases of thromboangiitis obliterans the excretion of sulfate m the 
twenty-four hour specimens was gi eater than that observed for the 
normal controls, the composite urine from 12 normal subjects averaged 
approximately the same for free and total sulfate content as did that 
from 2 individual patients The moie rapid excretion of the thiosulfate 
in the urine may account for the fact that the effect of sodium thiosulfate 
was more transitory than that of sodium tetrathionate 

9 

COMMENT 

The peripheial arterial occlusion associated with thromboangiitis 
obliterans is seldom detected until examination for arterial pulsation 
is made because of infection, mfaicts, gangiene or acute circulatory 
deficiency with impending gangrene Gross specimens of amputated 
extremities leveal that the occlusions have been progressive or succes- 
sne Although infection has been suspected as the cause of the disease, 
extensive investigations have failed to establish a bacterial cause The 
significance of changes m the blood which disturb tissue metabolism and 
contribute to thrombosis is difficult to evaluate because of the in\olved 
physiologic processes 

16 The determinations of urine sulfate were made b\ Willard Bergman, 
assistant to Dr William D McNalh 

17 Folin, O Approximately Complete Analysis of Thirty “Normal” Urines, 
Vm J Surg 21 260-271 (Aug) 1933 
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Naftzigei and Ins co-workeis at the Unuersity of California 
reported the results of their investigation of the role of sulfur in the 
hemoirhagic tendency associated with obstructive jaundice They found 
that in obstructive jaundice, either in experimental animals or in man, 
the sulfur content of the venous blood is increased They contended 
that certain sulfur compounds retained in the blood act as anticoagulants 
Interesting and important contributions on the sulfur-containing anti- 
coagulant heparin have been made by Best and others The role of 
heparin in disease conditions and the effect of therapy on the heparin 
content of the blood cannot be evaluated until quantitative determina- 
tions can be made Unfoitunately, no quantitative test-® for heparin 
IS available 

To the best of our knowledge, sodium thiosulfate was first used 
empirically in the treatment of thromboangiitis obliterans by Dr Robert 
Johanneson, of the Presb3Terian Hospital in Chicago Although a few 
striking results were obtained, there was no information as to the modus 
operandi of the therapy or to the means of selecting patients who may 
be benefited Rabmowitz m 1933 and Rabinowitz and Kahn m 

1936 reported the presence of abnormal phospholipin metabolism and 
its effect on utilization of oxy'gen by the tissues They were the first 
to leport the use of sodium thiosulfate for thromboangiitis obliterans 
Additional metabolic changes associated with the disease have been 
lepoited by Fiiedlander and Silbeit-® for cholesteiol metabolism and 

18 Naffziger, H C, Carr, J L, and Foote, F S Obstructne Jaundice, 
Ann Surg 106 745-751 (Oct) 1957 

19 Best, C H , Charles, A , and Cowan, C The Administration of Heparin, 
Proc Am Physiol Soc 119 272-273 (May) 1937 Best, C H , and Tajlor, 
N B The Physiological Basis of Medical Practice, Baltimore, Wilham ^^oo 
& Company, 1937 Best, C H Heparin and Thrombosis, Proc Inst i e 
Chicago 12 210-218 (Dec 15) 1938 Murray, DWG, Jacques, L B , Perrett, 
T S, and Best, C H Heparin and Vascular Occlusion, Canad M A J 
621-622 (Dec) 1936 Best, C H Heparin and Thrombosis, Proc Staff Meet. 
Mayo Clin 14 81-84 (Feb 8) 1939 Best, C H, and Murray, D W t. 
Heparin and Thrombosis of Veins Following Injury, Surgery 2 163-187 (Aug 

1937 Best, C H , Cowan, C , and MaeLean, D I Heparin and Fornntion o 
White Thrombi, Science 85 338-339 (April 2) 1937 

20 Best, C H Personal communication to the authors 

21 Rabmowitz, H M Thrombo-Angiitis Obliterans, Am J Surg 21 ~ 60 ^ 
271 (Aug ) 1933 , The Use of Sodium Iodide Thiosulphate in the Treatment o 
Thiombo- Angiitis Obliterans, J Chemotherapy 13 1-4 (April) 1936 

22 Rabmowitz, H W, and Kahn, J The Relationship of PhosphobP”’ 
ifetabolism to Thrombo-Angiitis Obliterans and Its Treatment, Am J 

31 329-339 (Feb) 1936 

23 Friedlander, M , and Silbert, S Thrombo-Angntis Obliterans 
Chemistry of the Blood, Arch Int Med 48 500-506 (Sept ) 1931 
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by Bernhaid -■* foi sugai metaboh«:m Roth, Maclay and Allen found 
inconstant changes m serum calcium, serum piotein, blood urea, serum 
lecithin, serum phosphorus, cholesterol and hematocrit values The 
importance of these observations may be underestimated because of 
the difficulty m interpreting pathologic blood pictures m difteient stages 
of the disease 

Bancroft and his associates have eKtensivety investigated and 
reported on the use of sodium thiosulfate foi thrombophlebitis The 
problem studied was directed to determine the effect of sodium thio- 
sulfate on the clotting index of the plasma and the fibiinogen content 
of the blood, on the assumption that, as there are definite bleeding 
diatheses, there are also potential “clotteis ” Aftei using the thiosulfate 
solution prophylactically foi a numbei of years against postoperative 
thrombophlebitis, Bancroft concluded that the morbidity may be defi- 
nitely reduced by injections of sodium thiosulfate combined with a diet 
low in fats and proteins 

The changes in blood pressiiie, pulse and peripheial tempeiatuie 
seem to influence or to be affected by the available oxj'gen in the blood 
Ihe occasional low ox3'’gen satin ation (80 pei cent) of the aiterial 
blood in cases of thromboangiitis obliteians may be increased to normal 
with an accompanying elevation in blood piessuie and the shunting 
of the peripheial circulation which follows smoking Subsequently, 
the oxygen saturation was deci eased by continued smoking, and this 
decrease may have been due to formation of inactne oxyhemoglobin 
In 2 cases of thromboangiitis obliterans the ox}fgen capacity was only 
11 volumes per cent, with 80 pei cent hemoglobin (by the Daie method) 
and over 4,400,000 erythrocytes pei cubic millimeter Without signifi- 
cant changes in the hemoglobin oi led cell count the o\)''gen capacity 
was increased to more than 17 volumes pei cent after tieatment Mith 
inorganic sulfur compounds The presence of an unidentified foim of 
inactive hemoglobin has just been confiimed b) a report from Copen- 
hagen, Denmark 

24 Bernhard, A Summar\ of the Chemical Blood rmdings in Thrombo- 
Angntis Obliterans, M Rec 97 430-431 (March 31) 1920 

25 Roth, G M , Maclai, E V, and Allen, E V Blood in Throinbo- 
Angiitis Obliterans, Arch Int Med 6 413-422 (Sept ) 1938 

26 Bancroft, T W , Kugelinass, I N, and Stanle% -Brew n M E\alintion 
of Blood Clotting factors in Surgical Diseases, Ann Surg 90 Idl-189 (Aug) 
1929 Bancroft, E W, and Stanlei -Brown, M Postoperatnc Thrombosis 
Thrombophlebitis and Embolism, Surg, Gjnec &. Obst 54 S9S-906 (June) 1932 
Bancroft, F W , Stanlej -Brown, M, and Quick, A Postopentne Thrombosis 
and Embolism, Am J Surg 28 648-668 (Tune) 1933 Bancroft F W , St3nlc\- 
Brown, M, and Chargaff, E Postoperatue Thrombcsis and Embolism, Ann 
Surg 106 S6S-S79 (Roi ) 1937 
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The repoits of investigations on bleeding and thrombotic diseases 
show a 1 elation between the lole of sulfui as used in the thiosulfate 
01 the tetrathionate solution and the tendency to thromboses in cases 
of thiomboangiitis obhteians Further, the inoiganic sulfur solutions 
have the opposite effect on the conditions studied to that of smoking, 
which IS generally accepted as a cause of the disease The clinical ^alue 
of the inoiganic sulfur solutions ma}’’ be due to the fact that the effect 
on blood and tissue metabolism is the opposite to that obser\ed vitli 
smoking 

SUMMAR\ 

Sodium tetiathionate and sodium thiosulfate injected intravenoush 
may pioduce a maiked increase in the oxygen capacity and content of 
the circulating blood in some patients This was most marked m 
patients with active thiomboangiitis obliterans and dark, thick blood, 
no significant increase in the erythiocyte count or the hemoglobin 
value for hemoglobin accompanied the change The presence of an 
inactive form of oxyhemoglobin seemed most likely to account for 
this effect 

In accounting for the marked inciease in oxygen capacit) and 
content of the blood of some patients aftei injection of inorganic sulfur, 
we considered thiee possibilities (1) i eduction of methemoglobm or 
of some unidentified form of inactive hemoglobin, (2) additional sup- 
ply of oxygen in the sulfate (SoO^), or (3) inciease in the oxidation 
catalyst, the reduced form of glutathione We were unable to establish 
the presence of a known form of inactive hemoglobin, and the small 
amount of reducing agent was inadequate to produce the marked increase 
m oxygen in the approximately 6 quarts of blood By actual determi- 
nation, the sulfur compounds did not add oxygen to the blood All 
evidence seemed to conoboiate our findings that a catatystic action was 
produced by the injected chemical 

Ammundsen has just reported fiom Copenhagen, Denmark, the 
presence of non-oxj^gen-containing hemoglobin in normal persons 
Activation of this hemoglobin occuiied on administration of sodium 
hydrosulfate The composition of the pathologic hemoglobin and the 
cause for its appearance are unlcnown, but it is not to be assumed that 
all hemoglobin cnculating in the blood is capable of freely combining 
with oxygen 

Sodium thiosulfate has been found to increase the glutathione m 
the liver and in the blood Glutathione, a sulfur-contammg oxidation 
catalyst of the blood and tissues, is efficient m reducing methemoglobm, 

27 Arnovljevitch, V Increase of Glutathione in the Liver and the 
After Administration of Sodium Thiosulphate, Compt rend Soc de biol 
681-684, 1931 , Physiol de abstr 16 624-626, 1931 
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but spectroscopic and quantitative chemical tests have failed to detect 
methemoglobin as the form of inactive oxyhemoglobin present m patients 
with thromboangiitis obliterans 

Sodium tetrathionate had a less immediate but moie prolonged 
effect than did sodium thiosulfate The more rapid oxidation and 
excretion of the thiosulfate as free sulfate m the urine may account 
for this difference 

CONCLUSIONS 

Intiavenous injections of sodium tetrathionate and sodium thio- 
sulfate were usually followed by increased peripheral tempeiatures, 
decreased pulse i ate and reduction in blood pressure These physiologic 
responses were associated with changes m the ox)’^gen capacity and 
in the oxygen saturation of the arterial and the venous blood 

These effects were opposite to those that occurred with smoking 
which IS an impoitant etiologic factoi in thromboangiitis obliteians 
The therapeutic value of sodium thiosulfate and sodium tetrathionate 
IS probably due to the changes produced m the blood and the resulting 
physiologic responses 



THERAPY OF PHLEBOTHROMBOSIS AND 
THROMBOPHLEBITIS 

ALTON OCHSNER, MD 

AND 

MICHAEL DeBAICEY, MD 

NEW ORLEANS 

Few conditions are as discouraging to the clinician and as unpleasant 
and dangerous to the patient as postoperative or postpuerperal thrombosis 
There is nothing more tragic in medicine than the occurrence of a fatal 
pulmonary embolism in a patient who has convalesced satisfactorily aftei 
an opeiation and is ready to be discharged Although less dramatic than 
such an outcome, persistent thiombophlebitic sequelae, such as post 
phlebitic edema, varicosities and ulceration, frequently cause the patient 
to regret having survived the oiigmal infection All these conditions 
are similai in that an intravasculai venous occlusion occurs, but we 
believe, as has been perviousl}^ emphasized,^ that it is necessary from 
prognostic and theiapeutic points of view to differentiate between throm- 
bophlebitis and phlebothrombosis In the formei the inti avascular clot 
ting is associated with and dependent on inflammation of the wall of 
the vein, whereas in the latter there is no associated inflammatory process 
and because of this with absence of fixation of the thiombus to the 
vessel wall there is gieat danger of embolism It is not the purpose 
of this presentation to discuss the causes of these two types of mtra 
vascular clotting The leader is leferred to pievious publications 

The treatment of intravascular venous thiombosis may be outuiet 
as follows 

A Prophylaxis 

1 Hydration 

2 Mobilization 

3 Respiratory stimulation 

4 Prevention of increased abdominal tension 

5 Application of heat (heat tent) 

6 Administration of sodium thiosulfate 

7 Hirudinization (leeches) 

8 Heparinization 

From the Department of Surgery, School of Medicine, Tulane Unnersitj 

1 Ochsner, A , and DeBakey, M Thrombophlebitis and Phlebothrom 
South Surgeon 8 269, 1939 
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B Conservative tlierapj 

1 Immobilization and deration 

2 Application of heat 

3 Hirudmization 

4 Application of compression bandages 

5 Vasodilatation 

a Administration of parasvmpatbetic stimulants 
b Block of the sjmipathetic nerves with procaine hr di ochloi ide 
C Radical therapj 

1 Ligation 

2 Excision 

3 Incision and diainage 

4 Thrombectomy and embolectomi 

Institution of prophylactic measures meiel} signifies avoidance of 
those factors which may be consideied as precipitating the thiombotic 
piocess Dehydration, rvhich may occui postoperatively and which 
increases the viscosity of the blood, favors thrombosis and should be 
combated by adequate hydration of the patient Coller and his asso- 
ciates ■ have demonstiated the fiequency and the degrees of postopeia- 
tive dehydration That increased viscosity of the blood may occui 
postopeiatively has been demonstiated by Zarubin “ and by Bolognesi ^ 
Similai obseivations were made by Lohr and Lohr,® who also found 
that the viscosit}' paralleled the eijthrocytic sedimentation rate Accoid- 
ing to numeious observeis,® increase m the globulin fi action of the 

2 Coller, F A Studies in Water Balance, Dehydration and Administration 
of Parenteral Fluids, Minnesota Jled 19 490, 1936 Coller, F A , Dicks, V S , 
and Maddock, W G Maintenance of Normal Water Exchange with Intia- 
tenous Fluids, J A M A 107 1522 (Nor 17) 1936 

3 Zarubin, cited by Matas, R On the So-Called Primarj Thrombosis oi 
the Axillary Vein Caused by Strain Report of a Case with Comments on Diag- 
nosis, Pathogenj and Treatment of the Lesion in Its Medico-I egal Relations, 
A.ni J Surg 24 642, 1934 

4 Bolognesi, G Untersuchungen uber die Andcrungen in der Blutriskositat 
nifolgc ren cbirurgischcn Operationcn Zentralbl f Chir 36 1161, 1909 

5 Lohr, W , and Lohr, H Ueber die V cranderung der phr sikalisch-chemi- 
schen Struktur der Blutflussigkeit bci beschlcunigter Blutkorperschensenkung im 
Gefolge von Reizkorpcrthcrapic, chirurgischen Operationcn und Erkrankningen, 
Ztschr f d ges exper Med 29 139, 1922 

6 (n) Rohrer, F Bestimnning dcs Mischungsrcrhaltnisses \on Albumin und 

Globulin m Blutseruin, Deutsches \rcli f klin Med 121 221 1^17 (/A Nacirch 

O Blutkrankheitcn und Blutdiagnostik, ed 4, Berlin, Jullll^ Sprinccr 1919 
(f) Herder, cited br Nacgeli (</) Lmzenmeier, G Line neue Sclmangcr-chaft-.- 
rcaktion und ihre theoretische Erklarung, Arch f Grnak 30 60S 1920 (rl 
rahr-ctis, R The Suspension-Stabilitr ot the Blood, \cla med Scandinar 55 3 
F’21 (/) Lohr and Lohr ^ 
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plasma augments the viscosity The mechanism by which increased 
viscosity of the plasma pei se aids in production of a thrombus is 
piobably by favoring circulatoi}^ retardation Thus, postoperative hydra 
tion becomes an important factor in the prevention of venous 
thiombosis 

The importance of circulatoiy letardation as a cause of intravascular 
clotting has been repeatedly emphasized Circulatory'- retardation may 
be due to a number of causes Among the various factors responsible 
is immobility Othei factors aie anatomic pecuhaiities, posture hypop 
nea and increased abdominal tension Any’- condition which will interfere 
with normal circulation in the vasculai system may act as a precipitating 
factoi and in the presence of predisposing factors may cause thrombosis 
This has been emphasized particularly by Beneke and by Aschoft ® 
An anatomic factor, i e , the peculiar relation of the left iliac vein to 
the right iliac arteiy, causing compression of the former, is uncon- 
trollable The other factors, however, are controllable and can be obvi- 
ated Postuie may predispose to circulatory' retaidation The placing 
of a patient in Fowler’s position, with flexion of the thighs on the 
abdomen and flexion of the legs on the thighs at the knees, can result in 
compression of the vessels beneath the inguinal ligament and those m 
the popliteal space, respectively Dependency of the lowei extremity 
with the patient m the head-up (Fowlei) position also predisposes to 
venous stasis Cardiovascular activity is diminished postoperatively by 
the quiescence of the patient after an operative procedure As the result 
of quiet lest in bed, the muscles of the extremities are relaxed, and 
letuin of venous blood to the heait is less lapid than noimal Circulatory 
activity IS further decreased by peripheial vasoconstriction, this has 
been emphasized by Leriche ® and by Kvale Because of vasoconstric 
tioii in the capillary bed, venostasis occuis, which in turn predisposes 
thiombosis Foi these leasons, eaily' postoperative mobilization m cases 
of venous thrombosis is essential as a piophydactic measure 

7 Beneke, R Die Thrombose, m von Jagic, N Handbuch der allgeineia^ 

Pathologic, Diagnostik und Therapie der Herz- und Gefasserkrankungen, e'P =’ 
Franz Deuticke, 1913, vol 2, pt 2, pp 130-299 ^ 

8 Aschoff, L Thiombosis, m Lectures on Pathology, New York, Paal 
Hoeber, 1924 

9 Leriche, R Des moyens de reduire au minimum la maladie post-operat 
De I’operatoire sous rayons infra-rouges, Rev de chir 74 99, 1936 

10 Kvale, cited by Ward, C E, and Horton, B T 

phlebitis of the Inferior Vena Cava in a Child, Proc Staff Meet, i ajo 
12 811, 1937 

11 Ries, E Some Radical Changes in the Aftei Treatment of Cehof 
Cases, J A M A 33 4S4 (Aug 19) 1899 
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Richardson/^ Boldt^® and others^* were early advocates of movement 
of the legs while the patient is in bed More recently, the significance 
of such exercise has been emphasized again Patients should be 
instructed to move their extremities frequently — as Wangensteen has 
suggested, at least a thousand times a day Gamble has devised a bed 
bicycle foi this purpose Patey advocated placing the patient in the 
head-up position with a board undei the feet to produce mci eased muscu- 
lar tension 

Noimal negative pressuie within the thorax favors return of venous 
blood to the cardiac chambeis Because of the diminished respiratoiy 
activity which follows operation, there is interfeience with the normal 
venous return Moreover, hypopnea occurs postoperatively as the result 
of pain caused by movement of the abdominal muscles and increase m 
abdominal tension It has been shown repeatedly that postopei atively 
the diaphragmatic excursions are diminished, which lesults m concomi- 
tant increase in the intrapleuial pressure, venous stasis and circulatoiy 

12 Richardson, M H On Certain Unavoidable Calamities Following Surgical 
Operations, Boston M & S J 151 583, 1904 

13 Boldt, H J The Management of Laparotomy Patients and Their Modified 
After Treatment, New York M J 85 145, 1907 

14 (a) Henle, ated by Pool (5) Krecke, A Ueber Vor- und Nacli- 

behandlung bei Bauchoperativen insbesondere uber das fruhreitige Aufstelienlassen, 
Munchen med Wchnschr 57 2037, 1910 (c) Wilson, L B Fatal Post-Operatne 
Embolism, Ann Surg 56 809, 1912 (rf) Kleinsclimidt, O Die Nachbeliandlung 
Laparotomierter, Ergebn d Chir u Orthop 5 432, 1913 (c) Pool, EH Sas- 

tematic Exercises m Postoperatue Treatment, J A M A 60 1202 (April 19) 
1913 (/) Victor, J A Clinical Consideration of Thrombosis and Embolism, 

Ann Surg 82 193, 1925 

15 (a) Schmid, H H Verhutung von postoperatnen Thrombosen und 

Embolien, Zentralbl f Gjnak 61 307, 1937 (6) Voegt, H Vcranderungen dcr 

Wadenmuskulatur bei Venenthrombose uiid langem Krankeiilager, Virchows Arch 
f path Anat 300 190, 1937 (c) Kmott, W Ueber die Verhutung ron post- 

operatnen Thrombosen und Embolien durch die Hochlagerung nach H H 
Schmid, Zentralbl f Gjnak 62 679, 1938 (d) Shaw, Y F , and Rickard, C 

E B Postoperatue Exercises as Prcieiitne of Embolism J Obst R Gjniacc 
Brit Emp 45 451, 1938 

16 Wangensteen, O The Therapeutic Problem in Bowel Obstruction, Spring- 
field, III, Charles C Thomas, Piiblishei, 1937 

17 Gamble, H A The Prevention ot Postoperatue Embolism and Phlebitis, 
Am J Surg 28 93, 1935 

18 Pate\ D H Artifiuallj Induced Thrombcphlcbitis, Surg, G\nec &. Obst 
64 1002, 1937 
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retardation^® Pievention of hypopnea is therefore iinpoitant, and 
patients should be instiucted to take deep bieaths fiequently during 
their waking hours It is the custom in our clinic to have a patient 
take at least ten deep breaths eveiy hour If the patient will not do 
this voluntaiil}^ it can be accomplished by the use of carbon dioxide 
inhalations Inci eased intia-abdommal pressure also favors circulatory 

1 etai dation by exei ting pressure on the intra-abdominal \ eins, interfering 
with the return flow of venous blood from tbe low er extremity Increased 
intra-abdominal tension may result fiom a number of factors, such as 
application of constricting bandages, -which are fiequently used by 
surgeons m an attempt to give support to the abdominal wall, and 
functional inactivity of the gastrointestinal tract, w’lth its associated 
accumulation of fluid and gas in the intestine and stomach (ileus) For 
this reason, the inci eased intia-abdominal tension resulting from tight 
bandages or fiom ileus should be combated by avoidance of tight 
dressings, by use of appropriate devices, such as the indw^elling cathetei 
and by other methods previously'^ desciibed As W'as showm by Patey,'''^ 
there is definitely inci eased intra-abdominal tension after an operation, 
apparently due to the decreased action of the diaphragm and splinting 
of the abdominal wall (presumably'- because of pain occasioned bv 
movement) 

Ajoplication of heat in the form of a heat tent to the low'er part of 
the abdomen is undoubtedly' of value aftei an operation, not only because 
of its beneficial effect on the tone of the intestine but probably because 
It produces vasodilatation of the peripheral vessels The extremely low 
incidence of intravascular clotting m oui clinic is due, w'e believe, to the 
fact that heat tents ai e i outinely applied to the abdomen postoperative!}' 
As these tents are large and cover the entire low'er portion of the body 
applynng as much heat on the lower extremities as on the abdomen, we 

19 (a) Pasteur, W Massive Collapse of the Lung, Lancet 2 1351, 190S 

(b) Churchill, E D, and McNeil, D The Reduction in Vital Capacity Following 
Operations, Surg, G>nec & Obst 44 483, 1927 (c) The Reduction m ^ da 

Capacity, Boston M & S J 197 83, 1927 (d) Muller, G P , Overholt, K « - 

and Pendergrass, E P Postoperative Pulmonary Hypoventilation, Arch SuG 
19 1322 (Dec,pt 2) 1929 (e) Brunn, H Atelectasis A Review of Its Histon, 

Significance and Treatment, West J Surg 38 647, 1930 (/) Patey, D H 

Effect of Abdominal Operations on the Mechanism of Respiration, with Spec'a 
Reference to Pulmonary Embolism and Massive Collapse of the Lungs, IRd 
Surg 17 487, 1930 (g) Carlson, H A Inhibition of Respiration as a Factw 

in the Pathogenesis of Postoperative Pulmonarj'- Complications, J Thoracic 

2 196, 1932 (/i) Prinzmetal, M , Brill, S, and Leake, C D Postopera n 

Pulmonary Subventilation, Surg, G}'nec S. Obst 56 129, 1933 

20 von Seeman, H Operation und Gew'ebeschonung II Beziehungen 
Operationswunde und Entstehung, Vermeidung und Bekampfung der nutte 
Operationschadigungen (spontane Venenthrombose und Pneuinonie), 

Ztschr f Chir 223 85, 1930 Gamble Knott 

21 Ochsner, A Postoperative Treatment, South M J 29 53, 1936 
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feel that the associated vasodilatation aids in pi eventing cn dilatory 

1 etardation 

The use of sodium thiosulfate postopei atively as suggested by Ban- 
croft and his associates -- for pievention of thrombosis may also be of 
value This authoi and his co-workers, working on the theory that since 
there aie potential “bleeders” there are potential “clotters,” have devised 
a test foi the plasma clotting index and one foi fibiinogen The pro- 
thrombin test, designated as the test foi the plasma clotting index, is 
indicative of clotting tendencies when infection is at a minimum, while 
the fibrinogen test may suggest infection and the likelihood of thrombo- 
phlebitis If examination of blood taken eithei preoperatively oi post- 
operativel}' shou's a high plasma clotting index and a high fibrinogen 
content, 10 cc of a 10 per cent solution of sodium thiosulfate is admin- 
istered intravenously on three successive days, the series being lepeated 
after an interval of one day if the bleeding factois lemain high These 
authors have reported a large series of cases m which this procedure 
was followed by no thi omboembolic accident 

Hirudinization and heparinization are also piophylactic measures 
based on anticoagulant activity The former has been emphasized by 
one of us (Ochsner) m collaboiation with Mahoiner and moie recently 
by Chalier -■* and Rouhier Crafoord -® and Murray and Best and 
their co-workers have reported interesting experimental and clinical 
investigations on the use of heparin in pievention of thromboembolic 
phenomena These investigators found experimentally that by admin- 
istering purified heparin mtiavenously over a period of hours it was 
possible to dimmish the coagulation time considerably They have 
applied the results of then investigations to human beings, and, although 

22 (a) Bancroft, T W , Stanley-Brown, M, and Quick, A J Postopei ative 

Thrombosis and Embolism, Am J Surg 28 648, 1935 (6) Bancroft, F W , 

Stanley-Brown, M, and Chargaff, E Postoperative Thrombosis and Embolism, 
Ann Surg 106 868, 1937 

23 Ochsner, A , and Mahorner, H The Use of Leeches in the Treatment of 
Phlebitis and the Prevention of Pulmonary Embolism, Ann Surg 98 408, 1933 

24 Chalier, A La prevention et le traitement abortif des phlebites post- 
operatoires, Presse med 46 1345, 1938 

25 Rouhier, G A propos de Tutilisation des sangsues comme preventif des 
phlebites post-operatoires, Mem Acad de chir 64 356, 1938 

26 Crafoord, C Preliminary Report on Postoperative Treatment with Heparin 
as a Preventive of Thrombosis, Acta chir Scandinai 79 407, 1937, Heparin and 
Post-Operative Thrombosis, ibid 82 319, 1939 

27 Alurray, DWG, Jaques, L B , Perrett, T S , and Best, C H Heparin 
and Thrombosis of Veins Following Injury, Surgery 2 163, 1937 Murray, D 
W G, and Best, G H Heparin and Thrombosis Present Situation, J A 
iM A 110 118 (Jan 8) 1938 Best, C H Heparin and Thrombosis, Brit if J 

2 977, 1938 
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an insufficient numbei of cases have been studied, the results have been 
satisfactory Muiray and Best have used a “saline and heparin mix 
ture” which was allowed to run into the vein slowly, so that the clotting 
time of the patient’s blood was maintained at about fifteen minutes 
Howevei, they stated that injection of heparin is now being i estncted to 
cases in which extensive surgical procedures have been carried out and 
in which thrombosis is likely to occui 

CONSERVATIVE THERAPY 

Immobihcation and Elevation of the Extremity — This is a time 
honored method of tieatment of thrombophlebitis Its rational basis 
IS the placing of the part at physiologic rest to minimize the danger of 
breaking off of an embolus and to relieve edema by favoring lymphatic 
flow This form of therapy has a number of advocates A satisfacton 
method of immobilizing the entire extremity consists of applying a 
large sheet wadding diessing from the tips of the toes to the groin 
Elevation of the extiemity is accomplished either by elevation of the 
foot of the bed oi bj^ placing the immlved extiemity in a shng, on an 
inclined plane or on pillows Heat may be applied in the form of a 
heat tent or by hot compresses The purpose of application of external 
heat IS to hasten the noimal involution of the thrombus and periphlebitis, 
1 e , the inflammatoiy changes 

Hundinmation — Revival of the tieatment of thiombophlebitis bi 
leeches is credited primarily to Teimiei,-'’ of France In 1922 he 
reported 19 cases, and three years latei, 73 cases, of phlebitis treated 
by this form of therapy, with remarkable relief of acute manifestations 
Subsequent^, extensive reports appeared in the literature, especially m 

28 (a) De Treigny, M For How Long Must a Case of Phlebitis 
Immobilized'’ Internat Clin 10 75, 1900 {b) Van der Veer, A Phlebitis 
Following Abdominal Operations, Tr Am Surg A 19 223, 1901 (r) Brothers, 
A The Prophylaxis and Treatment of Postoperative Phlebitis, Am f ^ 

55 609, 1907 (d) Reisman, T* Phlebitis and Thrombosis, M Clin 

America 4 1005, 1921 (e) Bara, W Phlebitis of the Lower Extremities and 

Superficial Veins of the Abdomen, Lancet 1 701, 1927 (/) Brown, G E 

operative Phlebitis Clinical Study Arch Surg 15 245 (Aug ) 1927 W 
Rabinowitz, M A , and Holtzman, I N Early Recognition of Peripheral Venous 
Thrombosis, New York State J Med 34 973, 1934 (Ji) Homans, J Venous 
Thrombosis in the Lower Limbs Its Relation to Pulmonary Embolism, Am 
Surg 38 316, 1937 (i) McNealy, R W Treatment of Phlebitis, S Chn Lortn 

America 17 523, 1937 

29 Termier, J Traitement abortif des phlebites chirurgicales avec leier pre 
coce, Proc-ierb et mem Cong frang de chir 31 949, 1922 

30 Termier, J Grenable-Abortive Treatment of Surgical and Obstetrical 
bitis Through Hirudmization (Application of Leeches), Proc-verb et mem mio 
frang de chir 34 434, 1925 
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Euiope, praising the biilliant lesults following this method of therapy 
Consideiahle expet imental and clinical woik with leeches has been done 
in the United States b}’' one of us (Ochsnei) with Mahoiner^- The 
leech’s salnaiy gland secietes hiiudin, which can completely prevent the 
coagulation of blood and m vitio has been obseived to cause dissolution 
of a blood clot Indeed Teimier concluded that the powei of this sub- 
stance to dissohe a blood clot explains the excellent effect obtained in 

31 (a) Julbard Traitement de la thrombo-phlebite post-operatoire des membies 
infeneurs, Schweiz med Wchnschr 55 515, 1925 (i>) Gonnet, Jeannin, and 

Josseiand De I’usage des sangsues dans les phlebites puerperales, Lyon med 
138 657, 1926 (c) Beguier Thrombo-phlebite du membre inferieur Traite avec 
siicces par les applications de sangsues, Arch med -chir de Province 17 109, 1927 
(d) Hamm, A , and Schwartz, A De I'emploi des sangsues dans le traitement 
des phlebites, Schweiz med Wchnschr 57 1125, 1927 (c) Monzon, J Le traite- 

inent des phlebites thrombosantes pai les sangsues, Presse med 35 677, 1927 
(/) Tholen, G A Die Beliandluiig post-operativen und piierperalen Thrombosen 
uiid Embolien, Wien khn Wclinschi 42 1107, 1927 (g) ten Berge, B S 

Leeches in Venous Infections Case Nederl tijdschr v geneesk 1 2893, 1928 
(Ji) Chavaiinay, J , and Magnant, J A. propos du traitement des phlebites 
obliterantes par I’hirudiiiisation, Re\ de chir 66 461, 1928 (t) Duelling, J 

Pourquoi le traitement des phlebites chirurgicales par les sangsues semble-t’il 
donner de bons resultats^ Progres med 43 1787, 1928 (;) Ichok, G El empleo 

de las sanguijuelas en el tratamiento de las flebitis. Arch de med , cir y especialid 
28 747, 1928 (,/v) di Pace, I La irudmizzazione delle flebiti, Gazz d osp 49 73, 
1928 (/) Vidal Traitement par des applications de sangsues d’un cas de phlebite 
puerperale a debut embolique. Bull Soc d’obst et de gynec 17 36, 1928 (m) 

Coggi, C A proposito dell irudmizzazione delle tliiomboflebiti in ostetricia e 
ginecologia, Ann di ostet 51 1457, 1929 («) Mure?anu, B Clinical Considerations 
on the Treatment of Post-Operative Phlebitis with Leeches, Rev de chn , Bucuresti 
21 592, 1929 (o) Sulger, E , and Boszin, T Ueber die post-operative Thrombose 
und Embolie sowie ihre therapeutische und prophylaktisclie Beliandlung mit 
Blutegeln, Deutsche Ztschr f Chir 216 175, 1929 (p) Mayer, L A propos de 
I’embolie post-operatoire, Bruxelles med 10 312, 1930 (g) Angeh, A La 

irudmizzazione nelle flebiti, Rassegna mternaz di dm e terap 12 1180, 1931 (O 
Chalier, A Sur la prophylaxie des phlebites et embolies postoperatoires en 
gjnecologie. Bull et mem Soc nat de cliir 57 216, 1931 (s) Dimitnu, V, and 

Somnea, G 0 Action therapeutique de I’hirudine dans les phlebites, la septicemie 
et dans quelques affections de nature microbienne, Presse med 39 1359, 1931 (/) 
Rossi, G La irudmizzazione nelle flebiti postoperatorie e puerperali, Pohclimco 
(sez prat ) 38 989, 1931 («) Oden, H G Zur Blutegeltherapie der Thrombo- 
phlebitis, Med Welt 7 273, 1933 (v) Straaten, T Die Blutegeltherapie der 

Thrombose, Deutsche Ztschr f Chir 238 513, 1933 (m) deDonno, E Sulla 

terapia delle thromboflebiti puerperali e postopei atone con la fasciatura con cerotto, 
Chn ostet 36 647, 1934 (r) Haupt, W Zur Thrombosenbehandlung und — 

Verhutung mittels Blutegel, Verhandl d deutsch Gesellscb f Kreislaufforsch , 
1934, p 189 (y) Hauptstem, P Die Blutegelbehandlung der Thrombophlebitis 

(Thrombose) nach Operationcn und im Wochenbett, hied Welt 8 1723, 1934 (s) 
Hempel, C Die medizinische Anwendung des Blutegels im Wandel der Zeiten 
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cases of thi ombophlebilis Otbeis have suggested as an explanation for 
the good lesults observed from this form of therapy an increase in 
phagocytic and bacteiicidal powers/^ local blood letting, pievention of 
venous spasm and genei al hii udinization 

The efficac}^ of this foim of theiapy in cases of phlebitis has been 
repoited by numeious investigators In 1933, one of us (Ochsner) in 
collaboiation with Mahornei repoited 3 cases of phlebitis and 1 of 
thiomboangiitis obliterans m which it was used and was followed bj 
lapid abatement of symptoms Recently, Lihenthal,^'' Magnus and 
Pardella have also reported good lesults Chaliei -■* and Rouhier"® 
have recently lepoited its use as a preventive measure Rouhier 
stated, howevei, that once thiombophlebitis occurs the leeches should 
not be applied, because of the possibility of development of an embolism 
Moulonguet and Ameline also stated that they have given up the 
use of leeches foi phlebitis because of the occurrence of emboli after 
their application We have never observed any bad results from the 
use of leeches, howevei, and we still believe that theie are many con 
ditions, such as portal thrombophlebitis (pylephlebitis), m which 
hii udinization is one of the most valuable methods of theiapy, if not 
the most valuable 

Hepai mizatwn — Hepaim has been used in the tieatinent of thronibo 
phlebitis Muiiay and Best and then associates"' leported 28 cases 
m which it was employed They obseived no evidence of embolism 
in any of these The clinical signs and symptoms, pain, swelling, 
tenderness and fevei, appeared to show moie lapid improvement than 
was observed in a control group 

mit neueren Daten aus Zoologie, Physiologic und Pharmakologie, ibid 8 210, 193-f 
(o ^)Macciotta, M L’lrudinizzazione nelle flebiti e nelle forme inflammatorie 
ginecologiche, Clin ostet 36 36, 1934 {b i) Pascalis, G Chirurgie pelvienne et 
phlebites. Rev gen de clin et de therap 48 279, 1934 (c Bolli, E V 
metodo Termier nella cura delle flebiti puerperali e postoperatorie Rassegna 
bibliografica e contributo personale. Arch di ostet e ginec 42 475, 1935 ( 
Meyer, E Die Blutegelbehandlung von Thrombosen und Thrombophlebiti en, 
Therap d Gegenw 76 18, 1935 (c i) Leuze, A M Technik der Blutegelbehaiid 
lung, Munchen med Wchnschr 83 315, 1936 (/^) Rudiger Zur Blutegelbe an 
lung, ibid 83 1276, 1936 (pi) Wimhofer, H Die Bedeutung dej 
Blutegelbehandlung in der Therapie und Prophylaxe der postoperativen Throni ose, 
Ztschr f Geburtsh u Gjnak 117 397, 1938 

32 Ochsner, A, and Mahorner, H Bactericidal Effect of Hnudm^an^ 
Heparin I Intravenous Injection of Hirudin and Heparin and Leechmo ^ 
Experimental Bacteremia, Arch Surg 31 308 (Aug) 1935 Mahornei, ^ 
Ochsner, A Bactericidal Effect of Hirudin and Heparin H 
Organisms in Blood Rendered Incoagulable with Hirudin and Heparin, i i 
371 (Sept) 1935 Footnote 23 


(Footnotes continued on ncrt page) 



OCHSNER-DeBAKEY—PHLEBOTHROMBOSIS 


217 


Comp] esston Bandages — Application of compiession devices, such 
as elastic adhesive plastei oi Unna’s paste boot, has also been advocated 
for treatment of thiombophlebitis Fischer is usually ci edited with 
being the fiist to advocate this foim of therapy foi the early stages 
of the disease, although Rupp had previously advocated it as a 
prophylactic measure This method of therapy has recently received con- 
siderable approbation b}'’ Friedlander,^- Muller, Stotzei and Piatsicas 
and Theohari 

Vasoddatation — ^The use of vasodilator}'’ measures in the treat- 
ment of thrombophlebitis has receiitl}'^ leceived consideiable attention 
Murphy^® and, moie lecently, Sokolov and Meyers^' have advocated 
iontophoresis with acetylbetamethylcholine hydrochloiide (mecholyl) 
Murphy repoited favorable lesults with this form of therapy in 33 
cases of thiombophlebitis Nineteen patients with thrombophlebitis of 
the deep reins rreie treated by this method by Sokolov and Meyeis, and 
improvement was noted in IS However, only 3 of these weie in the 
acute stages, although the authors stated that the best improvement was 
obtained in the cases of acute involvement Vasodilation by means of 
artificially induced fever has been suggested by Eveymeeisch and 
Snoeck and by Pitfield The former authors used injections of 
sterile milk to produce the fever, and the latter author used injection 
of typhoid vaccine Ii radiation therapy has also been suggested, by 
Halban and by Henschen and Becker Paine and Levitt have 
recently reported the use of intermittent venous occlusion in the treat- 
ment of thrombophlebitis This method of therapy uas employed in 
4 cases of acute thiombophlebitis and in 7 of the chionic form, with 
relief of pain, tenderness and discomfort Edema was decreased m 
some cases and unaffected m others 

33 Bose, F J , and Delezenne De Timmunite conferee par quelques substances 
anticoagulantes , de son mechanisme, excitation de la phagocytose, augumentation 
du pouvoir bactericide du sang, Compt rend Acad d sc 123 500, 1896 

34 Henschen, cited by Sulger and Boszin 

35 Lilienthal, H , in discussion on Bancroft, Stanley-Brown and Chargaff 22 b 

36 Magnus, G Blutegelbehandlung bei Thrombosebereitschaft, Munchen med 
Wchnschr 84 1992, 1937 

37 Pardella, C Sulla cura delle thrombose e delle thromboflebiti degh arti, 
Ann di ostet e ginec 60 973, 1938 

38 Moulonguet, in discussion on Rouhier -® 

39 Ameline, in discussion on Rouhier 

40 Fischer, cited by Fnedlander 

41 Rupp Zur Verhutung postoperativer Thrombophlebitis, Zcntralbl f Chir 
58 1444, 1931 

42 Fnedlander, E Die Kompressionsbehandlung der Venenentzundung Wien 
him Wchnschr 48 791, 1935 
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In oui expel lence, the best method of theiapy and the one which 
has given by far the best results is production of vasodilatation passively 
by blocking with procaine hydrochloi ide the regional sympathetic 
ganglions, as suggested by Leiiche” In 1934, Lericlie and Kunlin''^ 
reported 3 cases of acute postopeiative phlebitis successfully treated by 
procaine hydrochloi ide block of the lumbai sympathetic ganglions 
Since then Kunlin, Leriche and others have reported otliei cases in 
which similar results were obtained Numerous other reports attest 
the success of this method of therapy According to Leriche and Kiin 
lin,-"’’ the mechanism of development of clinical manifestations of 


43 Muller, A Die Thrombophlebitis und ihre Behandlung mit kompnmerendem 
Gehverband, Med Khn 33 793, 1937 

44 Stotzei, E Ziir Phlebitis und deren ambulanten Behandlung, Schweiz 
med Wchnschr 67 476, 1937 

45 Pratsicas, A , and Theohari, C La traitement de la phlebite aigue des 
membres inferieurs par la compression precoce, J de med de Lj'on 19 367, 1938 

46 Murphy, H L Treatment of Thrombophlebitis with Acetvl-Beta-Meth)l 
Choline Chloride Iontophoresis, Surg , Gjnec & Obst 65 100, 1937 

47 Sokolov, R A, and Me^ers, M P The Treatment of Deep Thrombo 
phlebitis and Chronic Leg Ulcers with Acetyl-Beta-klcthvl Choline Chloride 
Iontophoresis, Am Heart J 17 316, 1939 

48 Eveymeersch, A , and Snoeck, J Essai de protemotherapie non-specifique 
dans les phlebites aigues du post-partum (injections de lait), Bruxelles med 15 
98, 1934 

49 Pitfield, R L Induction of Therapeutic Crises bj Typhoid Vaccine m 
Septic Phlebitis, M Rec 145 147, 1937 

50 Halban, cited by McNealy 

51 Henschen, C , and Becker, F Rontgenbestrahlung der akuten, der subakutoi 
und der chromschen Phlebitis und Thrombophlebitis, Schweiz med Wchnsc r 
67 438, 1937 

52 Paine, J R , and Levitt, G The Tieatment of Thrombophlebitis of the 
Deep Veins of the Lower Extremities with Intermittent Venous Occlusion, Surgen 


5 707, 1939 

53 (a) Leriche, R Traitement chimrgical des suites eloignees des phleWe» 
et des grands oedemes non medicaux des membres inferieurs, Bull et mem 

nat de chir 53 187, 1927, (b) Sur I’lmportance de la periphlebite dans la 
des accidents tardifs, consecutifs aux obliterations veineuses, ibid 53 561, 

(c) Leriche, R , and Kunlin, J Traitement immediat des phlebites post-operatoires 
par I’lnfiltration novocainique du sympathique lombaire, Presse med 42 1481, 

54 Leriche, R , and Kunlin, J Tratamiento immediate de las flebitis pos^ 
operatorias por la infiltracion novocainica del simpatico lumbar, Cron me 

33 389, 1934 , footnote S3 c , ^ 

55 (a) Kunlin, J , and Lucinesco, E Resultats du traitement 
phlebites post-operatoires et vanque-uses par I’mfiltration novocainique du s>rn^^ 
thique lombaire Cinq nouvelles observations. Bull et mem Soc nat j' ' 

965, 1935 (b) Houot, A Infiltrations stellaires dans une thromboph e i 
membre supeneur par effort, Progres med, 1937, p 492 (f) Leriche, 
siderations sur le traitement chirurgical de la phlebite du membre mfeneur 

ses sequelles eloignees, J internat de chir 3 585, 1938 
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thrombophlebitis is the initiation of a vasomotoi lefiex as the lesult of 
impulses originating in the thrombosed venous segment (fig 1) Appai- 
ently, Leriche is of the opinion that there are three piominent factors 
in this process, namely, venospasm, coagulation and artei lal spasm By 
block of the sympathetic ganglions with procaine hydrochloi ide this 
vasomotor leflex is bioken, and the clinical manifestations aie lelieved 
(% 2 ) 

We-'® have shown b}'’ clinical and expeiimental observations that 
vasospasm lesultmg fiom impulses originating from involved venous 
segments is one of the most important factors in the production of the 
clinical manifestations of tin ombophlebitis Such vasospastic influences 
probably affect both aiterioles and veins (figs 1 to 3) Numerous 
investigators®® have shown that a localized thiombophlebitic piocess 
can initiate a marked vasospasm Indeed, the vasospasm may be so 

56 (a) Bourgalt, E Traitement des phlebites par anesthesies temporaires de 

la chaine sjmpathique lombaire, J de I’Hotel-Dieu de Montreal 4 212, 1935 
(5) Aufrere and Mathieu L’lnfiltration du sympathique lombaire dans le traite- 
ment immediat des phlebites post-operatoires, Lyon med 158 169, 1936 (c) 

Digonnet, Chenebault, and Roucliy Deu\ cas de phlebite puerperale, trades par 
novocainisation du sjmpathique lombaire, Bull Soc d’obst et de gynec 25 215, 
1936 (d) dc Souza Rudge, W Tratamento immediate das phlebites post- 

operatonas pela infiltraqao novocainica do sympathico lombar. Rev de gjmec e 
d'obst 30 833, 1936 (c) de Oliveira Figueiredo, I Tres ca«os de phlebites 

puerperaes tratados pelo methodo de Leriche, ibid 31 199, 1937 (/) Massart, R 

L’lnfiltration analgesique des ganglions sympathiques in particuher du ganglion 
etoile et du deuxieme ganglion lombaire (etude d’une centaine de cas). Bull et 
mem Soc de chir de Pans 29 91, 1937 (g) Caeiro, J A La seccion funcional 

del simpatico por la novocainizacion del ganglio estelar y del simpatico lumbar 
Tecnica de la inyeccion, Dia med 10 779, 1938 (/i) Fasano, M La cura della 
flebite post-operatena con il metodo di Leriche, Boll e mem Soc piemontese de 
chir 8 61, 1938 (i) Gregoire, R La repercussion de I’inflammation des veines 

sur le systeme arteriel collateral, Mem Acad de chir 64 363, 1938 (;) Demarez, 

R , and Linquette, M Le traitement immediat des phlebites post-operatoires par 
I’anesthesie du sympathique lombaire, a propos de quatre observations personelles. 
Echo med du Nord 10 12, 1939 

57 Leriche and Kunlin Leriche and Kunlin Leriche ‘'’’o 

58 (a) DeBakey, M , Burch, G E , and Ochsner, A Efltect of Chemical 

Il citation of Venous Segment on Peripheral Pulse Volume, Proc Soc Exper 
Biol & Med 41 585, 1939 (5) Ochsner, A, and DeBakey, M Thrombophle- 

bitis The Role of Vasospasm in the Production of the Clinical Manifestations, 
JAMA 114 117 (Jan 13) 1940 

59 (a) Pallin, G The Differential Diagnosis Arterial Embolism, Venous 

Ihrombosis, Acta chir Scandinav 65 558, 1929 {b) Tremolieres, F, and Veran, 

P Syndrome d’obhteration arterielle du membre inferieur droit apparu au cours 
d’une phlebite superficielle et profonde aiec embolies pulmonaires Effct thera- 
peutique de I’acetycholine, Bull med, Pans 43 1101, 1929 (r) Lawen, A 

Arlenospasmus bei akuter massner Thrombose der V femoralis, Zentralbl f 
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marked that the condition appeal s to be artei lal embolism,®® and in some 
instances actual gahgrene has occurred We have conducted experi- 
ments on animals which show convincingly that localized chemical endo 
phlebitis may pioduce such maiked artei lolar vasospasm that practicall} 
all pulsation disappears Moreover, it is possible to demonstrate that 
this mechanism is the lesult of vasoconstrictor impulses originating in 
the involved segment and transmitted over the sympathetic nervous 
system (fig 3) In anothei publication we ha\e reviewed the mecha- 
nism by which vasospasm in thrombophlebitis can produce edema 
Bi lefly, the factoi s which result from vasospasm and increase the amount 
of perivascular fluid aie (1) increased filtration pressure, (2) anoxia 
of the capillary endothelium and (3) diminution m the flow of lymph 
We have detei mined the venous pressure m 8 cases and found it to be 
foul to five times that of normal (fig 3) This increase in venous 
pressure obviously inci eases the filtration pressure, vhicli faiors 
transudation of the fluid from the xmscular into the perivascular spaces 
Because of the associated arteriolar spasm and evidences of diminished 
vasculaiity, there piobably occurs a lelative anoxia of the capillary 
endothelium, favoring mci eased permeability of this membrane and 
consequent increased transudation of vasculai fluid into the perivascular 
spaces That edema is greatly'- influenced by the presence or absence ot 
normal arteriolai pulsations has been demonstrated by the expeiimentsof 
McMaster and Parsons and by^ those of Cressman and Blalock, 

Chir 61 1681, 1934 (d) Audier, M La symptomatologie artenelle des phlebdes 

des membres et de leurs sequelles, Progres med , 1935, p 729 (c) Nicole, 

Artenospasmus bei akuter Venenthrombosen, Schweiz med Wchnschr 65 / . 
1935 (/) Gardere, H , and Desjacques, R Phlebite du membre infeneur simu 

lant une embolie artenelle, diagnostique differentiel par I’acecoline, Presse 
45 158, 1937 (<?) Lawen, A Ueber Thrombektomie bei Venenthiombose un 

Artenospasmus, Arch f klin Chir 189 53, 1937 (/i) Lawen, A Ueber 

bektomie bei Venenthrombose und Artenospasmus, Zentralbl f Chir 
1937, abstracted, ibid 61 1239, 1937 (i) Lindgren, S Arteriens} mptom 

bei den tiefen Beinthrombosen, Upsala lakaref forh 42 415, 1937 I 
Audier, M L’acet 3 dcho]ine dans le traitement des phlebites des mem 
Monde med 48 17, 1938 (^) Chevner, in discussion on Gregoire,-'®' P 

(/) Coinil, L, and Audier, M Les phlebartentes des membres, J 
frang 27 337, 1938 (in) Mondor, in discussion on Gregoire,®®* P ^ 
Pampan, D Tromboflebite acuta degli arti e fenomeni pseudo-embo ici, 
clinico (sez chir ) 45 470, 1938 (o) Pesnel, P A propos de 

vaisseaux des membres infeneurs consecutifs a des affections veineuses 
d hop de Pans 14 378, 1938 (p) dos Santos, J C La 

conception , technique , premiers resultats, T internat de chir 3 625, > 

Spasme veineux du bras apres injection intra-artenelle, action de Imn 
ganglion etoile , controle phlebographique avant et apres I’lnfiltration, Rev 
76 308, 1938 (i ) Uggeri, C , and Massone, A La sintomatologia arteriaie 
flebiti degli arti. Arch ital di chir 49 429, 1938 
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who showed that m the absence of pulsations theie \\as almost no move- 
ment ot lymph but that in the piesence of pulsations the lymph flow 
was lapicl jMonteno has shown also that blocking of the sympathetic 
nenes increases the flow of lymph We®® have shown experimentall) 
and chmcall} that in the piesence of a thiombophlebitic process the 
volume of peiipheral aitenolai pulsation is considerably diminished and 
that in mail} instances the pulsation is almost imperceptible (fig 3) 
This IS due not onl) to the associated vasospasm but to increased venous 
piessure® The deciease m l3mph flow lesults m stagnation of tissue 
fluids and accumulation of proteins in the perivascular fluid, thus setting 
up a A’lcious circle in that the pressure of the peiivasculai fluid approaches 
that of the fluid ivithin the I'essel, tending to pier’-ent lesoiption of fluid 
from the pernascular spaces into the vasculai tiee Thus, it is evident 
that vasoconstrictor impulses originating in a thrombophlebitic ptocess 
pia} a significant lole in production of the clinical manifestations of 
thiombophlebitis When the vasoconstrictor impulses are intenupted 
by infiltration of the S3'mpathetic ganglions with procaine h3drochlonde, 
there is produced a leestablishment of the noimal exchange of inter- 
A'ascular and pernasculai fluids and a breaking up of the vicious cade 

60 (a) Bergeret, A , Guillaume A C , and DeLarue, J Gangrene jscheraique 

clii membre mferieur par thrombose obhterante de la totalite des veines, Ann 
d anat path 9 536, 1932 (b) Wertheimer, P , and Fneh, P Thromboses 

leineuses, obliterations artenelles et gangrene des membres, documents cliniques 
Presse med 43 1004, 1935 (c) Audier, M Thromboses leineuses aigue» simu- 
lant I’embolie artenelle des membres, Pans med 1 384, 1936 (d) Fontaine, R 

Israel, L, and Pereira, S A propos d’un cas de thrombose de la veine ca\e 
infeneure Thrombo-phlebites simulant les embolies artenelles et gangrenes 
d’origine i eineuse, J de chir 47 926, 1936 (e) Audier, M , and Haimovici, H 

Les gangrenes des membres d’origine veineuse, Presse med 46 1403, 1938 (/) 

Banzet, P , in discussion on Gregoire,®®' p 367 (g) Gregoire, R La phlebite bleue 
(phlegmasia cserulae dolens), Presse med 46 1313, 1938 Pallin ss"* Tremolieres 
and Veran Lawen Lindgren Chevner®®*' Pampari 

61 Tillej, J H Gangrene of Extremities m Thrombophlebitis, Am J Obst 

Gjnec 36 157, 1938 Decoulx, P, and Bastien, P Gangrene par spasme 

artenel au cours d'une phlebite, Ann danat path 16 353, 1939 Bergeret and 
his associates co Fontaine and his associates o"** Audier and Haimo\ ici 

62 iMcMaster, P D , and Parsons, R J The Effect of the Pulse on the 
Spread of Substances Through Tissues, J Exper Aled 68 377, 1938 Parsons 
P J , and Mci^Iaster, P D The Effect of the Pulse upon the Formation and 
Flow of Ljmph, ibid 68 353, 1938 

63 Cressman, R D , and Blalock, A The Effect of the Pulse upon the Flow 
of Ljmph, Proc Soc Exper Biol &. Med 41 140, 1939 

64 klonteiro, H La lymphangeicgrapine chez le in ant, Metliode, resultats 
ct application, Bruxelles med 19 205, 1938, La Ij mphangeiographie chez le 
Auant, methode, resultats et applicat'on ibid 19 242, 1939 

65 Burch, G E , DeBakej , M , and Sodeman, W Effect of Venous Pressure 
01 Pulse Volume, Proc Soc Exper Biol & Med to be published 
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REVER 



VENOUS PRESSURE 

teru;r\ 'N millimeters HiO 



VOLUME of PUU5AXION5 


IN CUBIC MILLIMETERS 

( APQIL 15 I95« ) I APRIL Ifc 1959 ) (>SPCIL50I9?9) 



— Unaffected leo (lefO 

— Affected lea (P»qHl) 


Fig 3 — Graphic representation of the temperature, edema, \enous piessure 
and volume of peripheral pulsations in a case of thrombophlebitis of the right 
lower extremity following cesarean section The temperature ranged between lOI 
and 103 F but dropped to normal and remained there within forty-eight hours 
after the first “lumbar sympathetic block” (indicated by arrows) All swelling of 
the extremity had completely subsided seven dajs after therapy was begun The 
lenous pressure (taken in the saphenous vein at the ankle at heart level), which 
was 300 mm of water, rapidly dropped to less than 200 mm within three days 
of the first block and was practically normal within two weeks The peripheral 
pulsations as determined plethysmographically were noimal in the unaffected leg 
(left) but were practically absent in the affected leg (right) before block, sug- 
gesting \asospasm Within ten minutes after block of the sympathetic fibers on 
the right, the pulsations were twice the \olume of pulsations in the normal (left) 
leg, showing release of vasoconstrictor impulses Similar obserrations, although 
less marked, were made the following day On the da> before the patient was dis- 
charged, peripheral pulsations m the right and in the left toes were equal 
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We have leported elsewhei e the lesults of this form of therapy 
for thrombophlebitic piocesses Since then, similar measures ha\e been 
used 111 5 additional cases, with prompt and permanent relief of all 
clinical manifestations Pam has been relieved witbin fifteen minutes 
to a half an hour aftei the first injection in 86 3 per cent of the cases 



RELIEF OF PAIN 





RELIEF OF EDEMA 



C 4-days 5 ro 6 9 telo It To 12 

or Wss days days days 


Fig 4 — Graphic representation of (A) relief of pain, (B) subsidence o 
and (C) subsidence of edema after institution of “sympathetic block’ with pioc 
hydrochloride m personally observed cases of thrombophlebitis 


and m the remainder aftei the second injection (fig 4^) 
pain was permanent In no instance did the pain persist aftei the sec 


66 Ochsner, A , and DeBakey, M Treatment of Thrombophlebitis ^ 
came Block of Sympathetics, Surgery 5 491, 1939 Ochsner, A Throm op 
ibid 6 129, 1939 Ochsner and DeBakey 
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injection Ovei half the patients weie free from fevei within forty- 
eight hoiiis aftei institution of theiapy (fig AB) There weie only 2 
patients who had fever longei than one week, 1 foi eight days and 1 for 
thirty-one da3'^s The latter patient had a pulmonary infarct, although 
all of the thrombophlebitic manifestations of the extiemity had com- 
pletely subsided within nine days This patient subsequently made a 
complete recover)’- The subsidence of edema was unusually rapid 
Eight patients showed complete subsidence of edema within four days 
All but 2 of the patients had complete subsidence of edema within ten 
days, and in these 2 the edema had subsided on the eleventh and on the 
twelfth day respectivety aftei institution of theiapy (fig AC) Two 
thirds of the patients were discharged from the hospital cured within 
eight days after institution of therapy and 90 per cent within twelve 
days (fig 5) Only 2 patients lemamed longer, 1 because of a pul- 
monary infarct and the other to permit moie extensive experimental 
studies Of particular inteiest are the follow-up obseivations on a 
number of these patients observed ovei peiiods varying from four 
months to over a year In none has there been any evidence of lecui- 
rence of edema or of other postphlebitic manifestations No othei form 
of therapy was used m these cases 

We have used this method in 2 cases of “effort thiombosis ’’ This 
interesting thrombotic phenomenon has been exhaustively reviewed by 
Matas Others have also desciibed the severe clinical manifestations 

<57 Alatas, R On the So-Called Piimarv Thrombosis of the AMlIar}’- Vein 
Caused b} Strain Report of a Case with Comments on Diagnosis, Pathogeny 
and Treatment of the Lesion in Its Medico-Legal Relations, Am J Surg 24 
642, 1934 

68 Lowenstein, P S Thrombosis of the Axillary Vein An Anatomic Study, 

I A M A 82 854 (March 15) 1924 Schwindt, J K Traumatic Thrombosis 
of the Upper Extremity, California &, West Med 27 635, 1927 Gould, E P , 
and Patey, D H Primary Thrombosis of the Axillary Veins Study of Eight 
Cases, Brit J Surg 16 208, 1928 Horton, B T Primary Thrombosis of the 
Axillary Vein, J A M A 96 2194 (June 27) 1931 Paggi, B Trombosi venose 
da sforzo degli arti supeiiori, Polichnico (sez chir ) 40 383, 1933 Tajlor, C 
H S Primary Thrombosis of Subclavian Vein, Brit M J 2 818, 1933 Piccagli, 
G Trombosi da sforzo della lena ascellare destra, Chir d org di moiimento 
19 186 1934 Ballon, H C Primal v Thrombosis of the Axillary Vein, Canad 
J'l A J 32 414, 1935 Barker, X W Axillary Thrombophlebitis Caused by 
Strain or Effort, Proc Staff Meet, Majo Clin 10 156, 1935 Veal, J R, and 
McFetndge, E AI Primarj Thrombosis of the Axillary Vein An Anatomic 
and Roentgenologic Studj of Certain Etioicgic Factors and a Consideration of 
Venography as a Diagnostic Measure, '\rch Surg 31 271 ( A.ug ) 1935 Kaplan, 
T, and Katz, A Thrombosis of Axillarj Vein Case Report vith Comments 
on Etiology, Pathology’ and Diagnosis, A.m T Surg 37 326 1937 Puhl, H 

(Footuotc contvittcd on ncri pane) 



226 


ARCHIVES OF SURGERl 



Fig 5 — Graphic representaticn of the duration of hospitalization after in';!! 
tution of “sympathetic block” with procaine hi drochloride in personalh obsened 
cases of thrombophlebitis 



Fig 6 — Diagrammatic illustration of the technic of “lumbar simpathetic cc ^ 
for thrombophlebitis of the loner extremity A, patient in the lateral recura 
position B, cutaneous sites of puncture, Ijing immediatelj o^er■ tlie transi 
processes of the vertebrae They may be determined bi taking points apP 
mately 2j4 fingerbreadths lateral to and on a horizontal Ie\el with the 
processes of the first four lumbar vertebrae C, insertion of the needles 
needle is inserted \erticalh’’ until the transverse process of the vertebra, as 
by the dotted needle, is reached The direction of the needle is 
slightlj’^ toward the midline, and the needle is inserted approxiinateh -A ^ 
breadths beyond the traiisv erse process, so that its point lies near the anter 
surface of the body of the vertebra, where the sympathetic chain lies 
centimeters of 1 per cent procaine hydrochloride solution is injected tliroUo 
needle, care being taken to determine previouslv that the needle is not ni a 
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Fig 7 — Diagrammatic illustration of the technic of cer\ icodorsal S 3 nTipathectom\ 
b} the posterior approach A, patient in the prone position with pillows beneath 
the chest B, cutaneous sites of puneture, lying immediatelj over the transverse 
processes of the first, second and third thoracic vertebrae They may be deter- 
mined by taking points approximately fingerbreadths lateral to and on a hori- 
zontal le\el with the spinous processes of the seventh cervical and the first and 
second thoracic vertebrae C, insertion of the needles Each needle is inserted 
vertically until the transverse process, as shown bj the dotted needle, is reached 
The direction of the needle is then changed slightly toward the midline, and the 
needle is inserted 2J4 fingerbreadths beyond the transverse process, so that the point 
of the needle is near the anterolateral surface of the bodv of the vertebra in the 
retropleural space, where the sjmpathetie chain lies Five cubic centimeters of 
1 per cent procaine h)"drochloride solution is injected through each needle 



Fig S — Diagrammatic illustration of the technic oi block of the stellate gan- 
glion bj the anterior approach A, patient’s head turned slightlj tow aid the oppo- 
site side The cutaneous site of puncture is approximateh 1 cm medial to the 
midpoint of the clavicle and immediatelj over its upper border B, insertion ci 
the needle postenorlv and mediallj at an angle of 45 degrees with the midlme 
md on a horizontal level with the upper border of the clavicle. 
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which aie so chaiacteustic of the condition Our 2 patients tieated 
by s)U'npathetic block weie lapidly and permanently relieved 

The technic of injection of the anesthetic into the lumbar sjmpathetic 
ganglions is relativel)' simple and has been described previously ““ The 
technic employed by us is illustrated in figuies 6, 7 and 8 

R \DICAL TIIERAPV 

Although the conseivative measures are geneially adequate, resort 
to more ladical pioceduies may occasional!}' become necessaiy This 
applies pai ticularl}' to the suppurative type of thrombophlebitis, in vhich 
ligation of the vein above the involved process may pi event further 
extension Ligation of the A'ein pioximal to a thrombophlebitic area 
was first perfoimed by Hunter in 1784 The procedure was also 
done by Lee m 1865 Ligation oi excision of the pelvic veins in the 
treatment of septic thi ombophlebitis of puerpeial origin has been 
advocated by Bumm,'^ Sippel,'- Tiendelenburg and numerous 

Zui Frage der sogenannten Thrombose der Vena axillaiis. Arch f khn Cliir 
190 S69, 1937 Tomasi, L Contributo alia patologia e alia chnica delle trombo 
flebiti dell’arte supeuore, Arch ital di chir 43 52'i, 1936, abstracted. Internal 
Abstr Surg 64 171, 1937 Andersson, O Venography in Case of So Called 
Traumatic Thiombosis of Axillaiy Vein, Acta radiol 19 126, 1938 Kaplan, T 
Thrombosis of Axillarv Vein Report of Five Cases with Comments on Etiolog), 
Pathology and Diagnosis, JAMA 110 2059 (June 18) 1938 Mason, J M 
Primary Thrombosis of Axillary Vein Caused by Strain, Internat Chn 1 239, 
1938 Wagner, W Becbachtungen und Behandlung bei der sogenannten Aclisei 
venenthrombose, Zentralbl f Chii 65 2169, 1938 Zschau, H Die sogenannte 
trauraatische Thrombose dei Vena axillaris und subclavia und ihre Begutaclituno 
als Unfallfolge, Munchen med Wchnschr 85 1990, 1938 Roelsen, E So-Ca e 
Traumatic Thrombosis of Axillaiy and Subclavian Veins, Acta med Scandinai 
98 589, 1939 . 

69 Hunter, J Observations on the Inflammation of the Internal Ccats o 
Veins, Tr Soc Improvement Med & Chir Knowledge 1 18, 1793 

70 Lee, H The Surgical Treatment of Certain Cases of Acute Inflammation 
of the Veins, M Times & Gaz 1 530, 1865 

71 Bumm, E Ueber die chirurgische Behandlung des Kindbettfiebeis, Samni 

zwangl Abhandl a d Geb d Frauenh u Geburtsh 4 1, 1902, Zur operatnei^ 
Behandlung der puerperalen Pyamie, Khn W chnschr 44 829, 1905 , Ope'"® *' 
Behandlung des Puerperalfiebers, Zentralbl f Gynak 33 962, 1909, ^ 

operative Behandlung des Puerperalfiebers, Verhandl d deutsch Gesc sc i 
Gynak 13 105, 1909 

72 Sippel, A Die operative Behandlung der puerperalen P 3 'aemie, Zentra 
f Gynak 26 1361, 1902 

T A ir A 47 Si 

73 Trendelenburg, F A Renew of Surgical Progress, J A lU 
(July 14) 1906, Ueber die chirurgische Behandlung der puerperalen 
Munchen med Wchnschr 49 513, 1902 
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others ” Briggs advocated ligation of the saphenous vein in 
cases of lecuirent phlebitis to prevent embolism, and Pool and 
McGowan'® repotted a case of femoial thrombophlebitis successfull}" 
treated by ligation of the femoial veins Proximal ligation with oi 
without excision has been suggested by numerous others'" We have 
recently observed 1 case in which tieatment by this means was successful 
The patient rvas a white man 59 years of age who was admitted to the 
hospital complaining chiefly of pain and swelling in the left leg which 
began after an injuiy to the leg in an automobile accident The traumatic 
thrombophlebitis of the popliteal vein responded readily to conservative 
theiapy for approximately a week, aftei which the pain and swelling 
rapidly became *woi se, the patient had chills and the temperature lose 
to 104 8 F The chills and hypeipyiexia recuired at six hour intervals, 
and the general condition of the patient appeared critical Apparently a 
suppurative process had developed on the basis of the previous popliteal 
thrombosis, with pioduction of recurrent septic emboli due to liquefaction 

74 Lenhartz, H Acht Falle \on openerter puerperaler septischer Thrombo- 
pblebitis, Deutsche med Wchnschr 32 817, 1906 Seitz, L Zur chirurgischen 
Behandlung der puerperalen Pyaemie, Munchen ined Wchnschr 53 2585, 1906 
Williams, J W Ligation of Excision of Thombosed Veins in the Treatment of 
Puerperal Pjaemia, Am J Obst 59 758, 1909 Miller, C J The Present 
Status of Ligation or Excision of the Pelvic Veins in the Treatment of Septic 
Thrombophlebitis of Puerperal Origin, J A M A 59 157 (July 20) 1912 
Miller, C J Ligation or Excision of the Pelvic Veins in the Treatment of 
Puerperal Pj'aemia, Surg, Gynec & Obst 25 431, 1917 Rosenstein, P Die 
Phlebektomie (operative Ausschaltung der fortscbreitenden Thrombophlebitis), 
Arch f kiln Med 109 394, 1917 Kriele, J Fruhzeitige Diagnose und Prog- 
nose der Pjamie, Ztschr f Geburtsh u Gynak 99 35, 1930 

75 Briggs, J B Recurring Phlebitis of Obscure Origin, Bull Johns Hopkins 
Hosp 16 228, 1905 

76 Pool, E H , and McGowan, F J , Jr Septic Thrombophlebitis of Femoral 
Vein Operatne Treatment, Arch Surg 8 763 (May) 1924 

77 Lawen, A Ueber die Rolle der Venen bei der Ausbreitung pyogenei 
Prozesse, Chirurg 1 682, 1929 Homans, J Thrombophlebitis of the Lower 
Extremities, Ann Surg 87 641, 1928 Drejfuss, W Die Phlebektomie als 
Behandlungsmethode der Thrombophlebitis und ihre Komplikationen, Deutsche 
Ztschr f Chir 217 321, 1929 von Rehren, W Ueber einen Fall ion geheiltcr 
Extremitatenpyamie durch Unterbmdung der Vena iliaca communis sinistra, Zen- 
tralbl f Chir 58 1426, 1931 Stone, H B Surgical Treatment of Post-Operativt 
Saphenous Thrombophlebitis, Ann Surg 96 683, 1932 Neuhof, H The Diag- 
nosis and Operatne Control of Acute P\ogemc Phlebitis Complicated b\ General 
Septic Imasion, ibid 97 SOS, 1933, Excision of Vein for Suppuratne Thrombo- 
phlebitis, ibid 106 311, 1937 Ranzi, E, and Huber, P Postoperatnc Throm- 
bose und Embolic, Wien khn Wchnschr 48 2S9, 1935 Bancroft, F W 
Proximal Ligation and Excision of Veins for Septic Phlebitis, Ann Surg 106 
508, 1937 Scars, J B Embolism from Saphenous Thrombophlebitis and Its 
Proplnlaxis, Xcw England J Aled 212 874, 1933 
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and breaking ol¥ of the infected clot ApproMinatel}^ forty-eight hours 
aftei the onset of the septic manifestations the femoral and saphenous 
veins weie exposed with the region iindei local procaine hydrochloride 
analgesia, and the saphenous vein was ligated just proMinal to the 
saphenofemoral junction Aftei this, a block of the lumbar poition ot 
the sympathetic neivous system was peifoimed as has been described 
Immediately aftei this, the pain and tenderness in the extremity vere 
completely and pei manentlj’^ lelieved Within twelve hours the tenipeia- 
ture returned to noimal and lemamed normal (fig 9) The leg became 
warm, drj”^ and pink, and in foiii days all swelling in it had sub 
sided The patient was dischaiged ti\o dajs later 
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Fig 9 — Graphic repicseiitation of the temperatures and pulse lates of a patien 
with septic thrombophlebitis Ligation of the femoral vein and procaine } ro 
chloride block of the regional sympathetic nerves were performed 


Embolectoni}' (oi tin ombectomy) has also been suggested Demons, 
in 1881, leported its successful use in a case of suppurative throni^o^ 
phlebitis of the median basilic and cephalic veins Budmger 
advocated the procedui e Lawen has repeatedly emphasized the sig^ 
nificance of thrombectomy It is his opinion that lemoval o 
thrombus is of value not only because it prevents the occuirence 

78 Demons Contributions au traitement antiseptique des phlebite=, Bull 

mem Soc de chir de Pans 7 878, 1881 . 

79 Budmger, K Opeiativen Behandlung der akuten zirkunsknften ^ 
Wien klin Wchnschr 25 1217, 1912 

80 Lawen, A Ueber Thrombektomie bei Vcnenthrombcse un 
spasmus, Arch f klin Chir 189 S3, 1937, Weitere Erfahrungen uber opera 
Thrombenentfernung bei Venenthrombose, ibid 193 723, 1938, abstracte 
tralbl f Chir 65 1257, 1938 
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einboJi but because the piesence of a thiomhus in a venous segment 
acts as a focus for pioduction of leflex vasospasm in that extremity 
He has lepoited excellent results from this procedure Kulenkampff 
has recently reported 61 cases and stated that aftei removal of the 
thrombus the saphenous vein should be ligated close to the femoial vein 

SUMMARY 

The theiapy of thrombophlebitis is leviewed and is classified into 
pi ophylactic, conseivative and ladical measuies 

The pi ophylactic measuies consist of hydration, mobilization, respiia- 
tory stimulation, prevention of increased abdominal tension, application 
of heat, administration of sodium thiosulfate, hirudimzation and hepaiin- 
ization 

The conseivative measuies consist of immobilization and elevation 
of the involved extieinity, application of heat, hiiudinization, use of 
compression bandages and pioduction of vasodilatation 

In the authors' experience the best theiapeutic measuie is piocaine 
hydrochloride block of the regional sympathetic neives The lationale 
of this theiapeutic measure is discussed, and the excellent lesults 
obtained fiom its employment m 22 cases are desciibed The technic 
of “sympathetic block” as used by the authors is biiefly desciibed and 
illustrated 

The ladical piocedmes consist of ligation, excision, incision and 
drainage and thrombectom} or embolectomy 

81 Kulenkampff, D Die Veihiitung schwerer oclei todlicher Embolien durch 
Ausraumung der Vena iliaca, Aich f klin Chir 193 727, 1938, abstracted, 
Zentralbl f Chir 65 1258, 1938 
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The states described heie are those characterized by failure of the 
lymphatics to fulfil their function of draining the tissues of fluid 
which the blood capillaiies are unable to accept This failure may be 
due to an inherent defect in the lymphatic system, to an acquired organic 
blockage or to a disorder, once functional, which has become organic 
Excluded from consideration are the nutritional edemas, the nephritic 
edemas, the cardiac edemas and the edemas of pregnane)^ , in short, all 
that are related to general or constitutional, as opposed to local, causes 
The tissue fluid is of couise derived from blood Such of it as is 
composed of water and salts reenters the blood capillaries, but plasma 
proteins and foieign material are unable to do so Material of this sort 
and, m general, all substances whose contact with the body cells might 
harm the organism must, then, be carried off by the lymphatics Just 
how such material, especially particulate mattei, enters the lymphatics 
IS not entirely cleai and is not mateiial here 

The ultimate lymph channels constitute a closed system, endothelium 
lined, which gathers itself into many tiny valved vessels capable of 
cairying lymph only toward the vena cava These, following m the 
superficial tissues the geneial direction of the veins and in deeper parts 
circling about the great vessels, are gathered together at the root of the 
various limbs, where they pass, on then waj’’ to the thoracic duct, through 
great groups of lymph nodes Exeicise causes lymph to flow rapidl) 
and abundantly, but m a flaccid limb it accumulates Indeed, it behaves 
much like blood within the veins , it must be squeezed or pumped out o 
the limbs and m default of movement swelling occurs Should venous 
pressure be raised, theie is at fiist an inci eased flow of normal lymph 
but as the pressure is elevated moie and more, the lymph changes 
character, becoming highly proteimzed and even containing red oo 
cells 

It must, then, be clear that Lymphedema may result from many causes 
Three principal groups are readilyy recognizable 

1 A group of edemas associated with disuse and injury and 
primarily to failure of the lymphatics to dispose of tissue fluids norma 
produced 
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2 A group of edemas associated with venous obstruction and due 
primarily to failure of the lymphatics to dispose of an excess of tissue 
fluids forced on them b}' elevated venous pi assure 

3 A gioup of edemas due to a natuial oi acquiied deficiency of the 
lymphatics themselves, that is, elephantiasis 

To these groups should be added several which aie less well undei- 
stood Perhaps the}'^ are not lymphedemas in the ordinary sense, but 
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Fig 1 — Lymphatics of the legs In the left leg, some of the superficial 
b'mphatics, which lie in the same plane with the superficial leins, are shown 
These join the deep (perivascular) lymphatics at the groin In the right leg, the 
deep lymphatics, which dram the back of the leg and foot, are represented 
Routiere’s descriptions hate in the mam been followed 


they aie confusable tvith them and must be identified and treated b} 
special methods Such are 

4 A group of reflex or “ti opine” edemas related to countless 
causes and including the causalgia-like states 
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5 A gioup of alleigic edemas, due to hypei sensitiveness to foreign 
substances, especially the fungi of the skin 

6 Cavei nous lymphangiomas 

The lymphedemas, or, if one prefeis, swellings, peculiai to the limbs 
will be considered heie m the oidei just outlined and under the following 
headings (1) edemas directly due to disuse and injury, (2) edemas 
due to venous thromboses, (3) elephantiasis, (4) reflex edemas, (5) 
alleigic edemas, and (6) cavei nous Ijonphangiomas ^ 

EDEMAS DUE 10 DISUSE AKD INJURV 

Since the borderline between swelling and no swelling in a limb is 
naiiow, edema due to the musculai atiophy which results from con- 
finement to bed IS veiy common Aftei even a few weeks in bed, and 
all the more aftei many months, some persons notice swelling of the 
ankles on fiist getting about Since it is the pumping mechanism which 
IS deficient, the edema quickly disappeais on elevation of the limb It 
disappears overnight and i etui ns dining the day until such time as the 
muscles regain their tone and the patient his noimal activity This sort of 
edema should be kept in mind, because it may be confused wnth the 
onset of a late and quiet phlegmasia alba dolens, from wdiich it is 
distinguished by its daily development and nightly disappeaiance and 
by the absence of any discomfort 

A similai edema is associated with the late effect of spiams and 
fractures, that is, those which leave stiff joints and atrophied muscles 
It may even be noticed in some persons who hare badlv pronated feet 
which they use ineffectn^ely, and it is common m aged persons, inactne 
who do much standing about 

In all such states the swelling disappears on a night’s rest in bed 
It is very different from the acute edema of a sprain, which is either an 
exudate or, as Leriche would have one believe, a result of a sympathetic 
dysfunction due to trauma (as such it will be discussed with the refle^ 
edemas) 

EDEMAS DUE TO VENOUS THROMBOSIS 

During the active stage of any deep thrombophlebitis, that 
the femoroihac form or the form involving the loiver part of the Cj,, 
there usually is marked edema (bj^ contrast with thrombosis m the super 
ficial veins, which rarely causes any swelling) Such edema can p 
be explained as due to elevated venous piessuie, the lymphatics 
normal but unable to carry off the enormous transudate of tissue ^ 
But this IS not the whole stoiy In many instances of femoroi i 

1 Cystic^ Ij^mphangiomas, almost peculiar to the root of the neck, arc 
different from the lymphedemas of the limbs and a^e not included here 
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thrombophlebitis there is piesent about the gieat aiten and ^elll in the 
gioin and along the pelvic brim an active mflammator} exudate which 
coveis everything m the vicinity It undoubtedly engulfs the principal 
l3'mph trunks, which course about gieat blood vessels, and so may 
add lymphatic obstruction to the excessii'^e edema caused b}'^ the venous 
stasis How much edema results from this cause is difficult to say 
By some it is legarded as of great impoitance Others belittle it and 
attiibute such edema as is not due to elevated venous pressure to leflex 
^asospasm occasioned by irritation of the plexus of nerves which 
surrounds the thrombosed vein and its companion arteiy That 
a peripheral vasospasm is often associated with femoroiliac thromlio- 
phlebitis and actually occasions edema oi at least prevents its lelief is 
attested by Leiiche’s - treatment of this disease by piocaine block of the 
lumbar portion of the sympathetic nervous system He asserts, and 
Ochsner and DeBakey ^ confirm his obseivations, that such an injection 
repeated over a number of days, relieves discomfort and causes the 
edema rapidly to disappear 

It must, then, be supposed that the most seiious swelling of the lowei 
limb ^ IS due to the edema of combined venous and IjTOphatic obstiuction 
leenf Diced by peripheial vasospasm Such a swelling is occasionally 
remarkably persistent (fig 2 A) Ifa collateral venous circulation is 
slow to develop and if the Ij^mphatics aie unusuallv crippled, it maj 
remain present in some degree for months or }eais oi even throughout 
life Its tendency, however, is to dimmish with time, especially if the 
disease has been treated from the beginning by ele^atIon of the swollen 
limb above the body and by measures capable of lelieMiig such peripheral 
spasm as may be present It is particularly important that duiing the 
gradual resumption of active use the leg should be piotected by elastic 
pressure Prolonged lymph stasis leads to fibrosis and to furthei 
crippling of the drainage system, a vicious ciicle Moreoiei, in rare 
instances a causalgia-hke state, marked by cyanosis, edema and perhaps 
a h} persensitive skin, may set in (fig 2 B) Undei these conditions, a 
lumbar sympathetic block -sMth procaine hj^drochloride tempoiarilv 
relieves hypersensitiveness and restores a natural coloi to the foot 
Whethei lumbar sympathectomy will then be cuiatue or, as Lenche = 

2 Lenche, R The Problem of Osteo-Articular Diseases of Vasomotor 
Origin H-sdrarthrosis and Traumatic Arthritis Genesis and Treatment T Bone 
& Toint Surg 10 492 (Juh ) 1928 

3 Ochsner, A, and DeBakce, M Treatment of Thrombophlebitis b\ Xo\o- 
cain Block of Si mpathetics Technique of Injection Surgen 5 491 f April) 1939 

4 This account leaves out of consideration the rare reflc', spisni of the iliac 
and femoral arten itself, a spasm which altogether shuts off the arternl supph to 
the hmb and so, if continued, leads to gangrene But in such a case edema 
is altogether absent 
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belie\es, the great iliac veins must, in addition, be freed from scar tissue 
and perhaps divided, is not >et clear 

Serious phlegmasia alba dolens is followed m many instances b\ 
peculiar local indurations and ulcerations of the lower part of the leg 
(postphlebitic induration and ulceration) Such appear months or 



Fig 2— A, legs of C S There is postphlebitic bilateral edema ^ 
possible allergic factor B legs of J B T There is postphlebitic edema o 

t /rf 

right leg i\ith causalgia-like hjpersensitneness The cyanotic color o 
IS missed m the photograph C, traumatic, reflex edema excited bj the a 
block of wood on the foot, subsequent!! cured bj lumbar svmpathectom'^^^^ 
allergic factor related to fungi ma\ hai e been present (From Homans, J 
latoiy Diseases of the Extremities, New York, The Macmillan 
D, legs of A J D Allergic edema related to fungi was present The con 
was successfulh treated bj lumbar s\ mpathectomy 
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}ears after the original disease and have usually been mistaken for 
complications of varicosity, which fundamental^ the)' are not But 
that they are actually the result of lymph stasis is not cleai either 
and in many instances they certainly are aggravated, if not actually 
excited, by fungous infection Treatment of such infection aids in then 
cure, and sympathectomy influences them favorably, but when especially 
obstinate and extensive they must be treated by excision and skin giaft 

The moderate edema occasioned by thrombosis in the gieat venous 
plexuses among the muscles of the calf is peculiai It is confined to the 
lowei part of the leg and when the patient is up and about is associated 
with some degree of cyanosis Several da)'s of elevation of the limb in 
bed causes it to disappear completely, but it returns on the lesumption of 
an active life I have elsewheie described this disease, which is dis- 
tinguished by the alternations just described and by a sense of discomfort 
in the back of the upper part of the calf on forced dorsiflexion of the foot 
Owing to the tendency of the thrombosis to grow into the femoial vein 
as a loose, propagating clot, it is a frequent source of fatal pulmonary 
embolism 

ELEPHANTIASIS 

According to the mannei in which elephantiasic edema makes its 
appearance, there are seveial varieties In none of them, however, is 
the means by which lymphatic drainage is abolished at all w'ell understood 
Operative intervention intioduces the surgical sort, filarial infection 
usually brings on the tropical sort, but the cause of the spoiadic and 
familial vaiieties is utteily obscure The end results of all aie much the 
same The lymphatic system of the elephantiasic limb is entirely 
destroyed, that is, no valved lymphatics aie left and fluid diifts through 
the inteistices of the subcutaneous tissues, some of which may present 
the appearance of dilated lymph spaces, by giaiiti alone No Ijmph 
nodes are seen 

In the tissues superficial to the muscular aponeuiosis the retained 
tissue fluid acquires, as the yeais go on, a large percentage of protein, 
a proportion sometimes so high as to be moie than half that of blood 
serum — 4 per cent m exceptional cases Piobabh this pioteimzed fluid 
acts as a tissue culture medium and encourages fibrosis In any eient, 
the tissues become steadily firinei and the skin coarser, thicker and often 
hair) Some limbs preserve then shape though there is usiialh sagging 
of the skin over the line of the shoe, but in others the skin gnes wa\ 
here and there, forming bizarre deformities great folds and pouches 
From any scratch or prick a cleai, pale )ellow fluid runs fiecK until the 
scratch heals Healing, in fact m such limbs is usualh normal the blood 
supply being abundant 

The tissues beneath the aponeurosis, that is, the muscles remain 
entirely unchanged, a sign that the muscles thenwehes are not drained 
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by I}mphatics but by capillanes alone The elephantiasic leg is, of 
couise, unwieldy, yet seems to suffei no muscular deterioration Hom 
ever, theie is no support for Kondoleon’s “ plan of introducing the 
fluids of the superficial tissues among the muscles Even if that could be 
done. It would presumabl} embaiiass the muscles without improving 
drainage 

The febiile attacks to which the elephantiasic limb is subject aie 
moie common in tiopical countries than elsewhere but may set in, vith 
out appal ent leason, in the sporadic elephantiasis of temperate 
climates After a piehmmary period of discomfort, w^hich m the filarial 
form of the disease is often marked by locahred pain and tenderness 
the entire limb becomes swmllen and its suiface red and hot A chill 
IS lather common, after wdiich the temperatuie rises rapidl) to 102 or 
104 F and the patient is greatly prostrated Indeed, the illness inav 
appear dangerous, but actually the attack is self limited, subsiding in 
three to five da3'S Though it has often been supposed that the infection 
IS streptococcic — it should never be called “h mphangitis,” since there 
are no lymphatics left — Drinker and Field were the first to pio\e it 
to be such in the experimental animal Actually, in their observa 
tions the attacks started automatically, and the streptococci could be 
lecovered for only a few hours near the height of the attack This 
explains the difficult}^ of finding the causative organisms in human 
beings A biief account of these expeiiments is included in papeis on 
the general subject of elephantiasis bj" Diinkei, Field and me ' 

The fungi of the skin ma)'’ also be concerned with these explosions, 
though perhaps only indirectly Foi example, an active young man 
suffering from elephantiasis with attacks so fiequent and se^ere that he 
had become an invalid was so far leheved by a plastic operation that 
for two years he remained w'^ell Finally, how^ever, during hot, damp 
summei w^eather, an old epidermophytosis i ecuri ed and a bad attack of 
elephantiasis followed Piobably streptococci entered the tissues, as the} 
so often do, via the cutaneous lesion, though it is conceivable that the 
attack wms allergic Vigoious treatment subdued the epideimophytosis, 
and the trouble has not been repeated 

Swgtcal Elephantiasis — This form affects most often the arm 
followung operations for cancer of the breast It may occasionalh 

5 Kondoleon, E Die operative Behandlung' der elephantiastiscnen Oedeme 
Zentralbl f Chir 39 1022, 1912 

6 Footnote deleted 

7 Homans, J, Drinker, C K, and Field, M E Elephantiasis and^the 
Clinical Implications of Its Experimental Reproduction in Animals, Ann Svrg 

812 (Oct ) 1934 Drinker, C K , Field, M E , and Homans, J The Expenmenta 
Production of Edema and Elephantiasis as a Result of Lymphatic Obstruction, 

T Phj'siol 108 509 (June) 1934 
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appeal as a late complication of malignant disease m the pehis, whethei 
treated by operation or by iriadiation It may also lesult fiom lympho- 
sarcoma m the grom oi axilla, especially when an operation has been 
perfoimed and the part subjected to irradiation 

Elephantiasis of the aim as a complication of mammar}’^ cancel occms 
in a vei} fieakish way An axillar}? dissection alone, in the event of a 
mistaken diagnosis of cancel, is capable of producing it, though not in 
the serious foim due to axillary metastasis plus opeiation and lecuiience 



Fig 3 — Ljnipliatics of tiit aiiiii In tin kit aim some of tiie supcificn! 
bmphatics are shown Tliev enter the axilh with the basilic \ein In the right 
arm, the deep (pernascular) Ijmphatics of the forearm, arm and axilla arc repre- 
sented They arc closelj related, as in the leg to the artcra rather than to the 
'em Roiniere's descriptions ha'c in the mam been lolloucd 

Reccntl}, Veal" has found that theie aie a puic Kmphatic \arict\ i 
soit due to venous obstruction and a mixed tape So far ns the 
hinphatics aie concerned it will be iccalltd tint most of the small acsscls 

S Veal, T R Ihe Pathological Basis for Swelling oi the \rm Follow me 
Radical \mpiitation of the Breast Siirg Gmicc X. Obst 67 7s2 fDtc ) 
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of the skin and subcutaneous tissues of the hand and aim come together 
and entei the axilla at the spot where the basilic vein perforates the 
aponeuiosis Here they can leadily be inteirupted, but after entering 
the axilla they are moie closel}' related to the axillary artery than to the 
vein Thus they are not particularly exposed in the axillary dissedion 
proper Moieovei, a Available amount of lymphatic drainage passes 
through the lymph nodes at the elbow and so along the brachial and 
axillary aiteries Thus, an axillary dissection may well leave the l)mph 
drainage S3^stem intact unless most of the superficial vessels aie divided 
in making the skin flap or unless axillary metastasis is extensive 

In some cases, evidence that the axillary dissection has interrupted 
man}' lymphatics is ofteied immediately after operation b) a collection 
of deal lymph in the wound Even then the fluid often finds a va} 
Swelling may occasionally appear and disappear, or perhaps remain 
moderate, a matter explainable on anatomic grounds Hoviever, once 
well marked surgical lymphedema sets in typical elephantiasis usualh 
develops, with the characteristic induration and thickened skm and eien 
the febiile attacks 

The treatment of surgical elephantiasis is, first and foremost, ele 
vation of the pait The arm should be kept hoiizontal or raised on a 
pillow when not in use It is even possible to devise means of suspending 
It at night Exercise, m moderation, is lathei good for it than otherwise 
In fact, fluid can escape from the aim only by gravity or bv being force 
through the tissue spaces Plastic operations aie difficult and imsatis 
factory For the most fully developed sort, amputation is the best 
remedy piovided the patient has a model ate life expectancy 


Filarial Elephantiasis — Not all persons hav'ing filarial infestation 
suffei from elephantiasis Indeed, O’Connoi, Golden and Auchmcloss, 
with the aid of the roentgen lays, hav'e demonstrated numbers of ca ci 
worms m the tissues in the absence of any edema But once the lymphatics 
aie crippled, the tropical disease is moie serious than that of tempe 
1 egions, because, as Matas has pointed out, the patient is expose 
so many infections Febrile attacks are common, and 
tissues often peimanentl}' harbor bacteiia which make f 

ment difficult Auchmcloss has attempted to excise as much m e 


9 O’Connor, F W , Golden, R , and Auchmcloss, H Roentgen ^^”’23 494 
tion of Calcified Filana Bancrofti in Human Tissues, Am J Roentgeno 
(Afay) 1930 

10 Matas, R The Surgical Treatment of Elephantiasis and Elep 
States Dependent upon Chronic Obstruction of the Lymphatic and Venous 
nels. Am J Trop Dis 1 60, 1913 

11 Auchmcloss, H A New Operation for Elephantiasis, Porto Rico 
Health R Trop Med 6 149 (Dec ) 1930 
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subcutaneous tissue as possible, with the idea of removing focal spots 
whence outbursts of infection may come Howevei, the real -lalue of 
such a procedure probably lies in the lemoval of a large amount of fluid- 
holding unhealthy tissue between the skin and the deep structures of 
the leg, and the modern operation is based on this general plan rathei 
than on any idea of drainage Such treatment is described in the follow- 
ing section 

Elephantiasis Nosh a and Mihoy’s Disease — Sporadic elephantiasis 
(elephantiasis nostra) is the rather common foim which crops out here 
and there without known cause Its nature and behavior differ in no 
way from those of the familial sort, to which Milroy’s name 
is usually attached Strangely enough, the famil)'^ which formed the 
object of Milroy’s study suffered from a disoider not only inherited 
but congenital , that is, almost all the membei s were affected in infancy 
Meige described a family in which the disease usually developed, as 
does the sporadic form, near puberty or soon aftei Hope and French 
have discovered anothei instance of this sort 

The cause of sporadic and familial elephantiasis is utterly unknown 
Why should a person whose legs from bnth to the age of 15 or 20 
have seemed entirely normal, at that time and without suffering an} 
accident or other physical change, begin to notice a swelling of one 
or both legs ’ I have explored the pelvis in several patients 
hoping to find an obstruction in the large lymph vessels which 
wind about the great artery and vein of the pehic brim In 1 case 
the lymphatics were thickened and enlarged but not dilated They 
carried almost no lymph (probably a little from purely pelvic sources), 
and the nodes in their course were curious little flattened structures In 
the tissues of the elephantiasic leg it is impossible to find an3'^thing like 
a valved vessel, though plenty of large spaces are present, and if a 
little tiypan blue, a dye leadily taken up by tlie lymphatics, is injected 
deep into the skin it eithei remains stationary or, if the leg is elevated 
can be seen to color the skin m a patcln w'ay, spreading about by grant} 
It may flo\v from ankle to knee in as little as fifteen minutes, but this 
occurs only if theie aie unusual!} abundant cutaneous spaces In fact 
the tissue fluids flow up oi down according as the leg is ele\ated or 
depressed but, having reached the bod} , appear to be rapidh absorbed 

12 Milroi, W F (a) An Undesenbed Vaneti of Hereditan Oedema New 
liork J 56 505 (Nov 5) 1S92 (b) Chronic Hereditan Edema Milroi’s 

Disease, T M A 91 1172 (Oct 20) 1928 

13 Mcige, H D\strophic oedemateuse hcreditaire Presse med G 341 (Dec 
14) 1898 

14 Hope W B , and French, H Persistent Hcreditar\ Oedema oi the Legs 
with \cute Exacerbations, Quart T Med 1 312 ( Xprill 1908 

la Homans T The Treatment of Elephantiasis oi tlie I e"s Enclard 

1 ^rcd 215 1099 (Dec 10) 1936 
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The geneial account of elephantiasis alread} given sufficiently fits, 
the behavioi of this paiticular disease Both legs are enlarged m a 
fair number of cases, and in that event the external genitals as well nia\ 
be involved Theie is really no limit to the amount of enlargement or 
deformity, but evidently' the tissues dram better in some instances than 
m others, so that certain elephantiasic legs never attain gieat size The 
febiile attacks seem to occur only m the cases of more seiioiis invohe 
ment, but actually' their onset is unpredictable 

T)cati)icnt — Palliative measures are not to be despised Should the 
tissue fluids dram from the leg rather i apidly' w hen it is elevated, a balance 
may' be found between rest and use — so many' hours up and so main 
doivn The shoe prevents enlaigement of that part of the foot nhich it 
coveis, and an elastic stocking worn fiom toes to knee may', nith the 
aid of exercise and elevation, peimit a good deal of dependency 
night the foot of the bed should be laised, pcihaps 6 inches (15 cm), 
for it IS during the sleeping hours that the best drainage is secured 
By' such means an occasional patient is able to contiol the disease 
The plastic operation aims, frankly', to do nothing more than remo^e 
the tissues m which fluid accumulates By turning back broad flaps vhich 
include the aponeurosis and exposing bone, muscle and tendon sheaths, 
half the ciicumference of these deep structures can be laid baieatone 
sitting Then the ly'inph-soaked fibious tissue and sclerosed fat are cut 
from the deep surface of the flaps, which are left veiy' thin Indeed, it is 
probably' best that these foi two thirds of their w'ldtli should be made 
of whole skin alone, a little fat being left near the base for purposes o 
venous drainage The incision foi the first stage of the plastic opera 
tion is best made on the anteromternal face of the leg (fig •^) 
the knee it becomes a broad Y, and at the internal malleolus, an 
unequal, inverted Y w'lth a long arm forw'ard The difficulty 
the blood supply of the flaps is not arterial but venous, that is, 
they' receive enough blood but drain badly', and it is w'orth 
spare as many' perforating veins as possible tow'aid the base of cue 
flap Perhaps those who are accustomed to dealing w'lth w'hole tlnckn 
skin grafts would do better to use these instead of flaps 
one scores the skin just before closing and makes firm, even, 
pressure, very' little sloughing occurs 

Each operation is carried out in a bloodless field by the aid o 
Esmarch bandage applied to the thigh and reenforced if necessary 


bj 


Dr R 

the 


16 A \erj interesting suggestion has recentlj been made to m . 
Smithwick, namely, that after a lumbar s\ mpathectomy has been 
flaps should be made of whole skin alone for their entire width Pc 


reports that he has tried this procedure with success 
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inbbti tul)inc: Oilicrui^i the. opeiation is liojiclcssle bloocK, and need- 
less to s.n tile eontiol ot bleedini,^ aftei tlie lenioval of the eonstncting 
rublier Iniuht^e is no tMs\ niiltci The onh nenc evhieli seems ^^ortll 
sinrinjj is the sm d mine this supplies tlie outei side of tlie foot and 



Fig 4 — Legs of M A B, i pnticnt with elephantiasis iiostn The lower 
photographs illustrate siiccessnele, fioiii left to right, the immediate result of the 
first pi istic operation, the immediate result of the second plastic operation and the 
end result fat this time the patient W'as wearing an elastic stocking) 

heel Curiously enougli, patients do not seem to object to the numbness 
of the leg There is no danger of disturbing the neive supply of the 
“iole, toes and much of the foot 


244 


ARCHIJ'ES or SURGERY 


The plastic opeiation which treats the second half of the leg must 
of course, be postponed for several months after the first operation, 
otherwise the last two flaps could hardly be left back to back wuth the first 
ones It w'lll be observed that the foot, so fai as it requires treatment, is 
fairl} w^ell reduced in size by the procedures described, but some thick 
ened tissue is apt to be left in the nndline from instep to toes It 
necessar3q this can be removed at a third operation, and any broad or 
h)'^pertrophied scars, if such are present can also be excised At this 
time skin grafts may be useful, especialh’^ if infection or unsatisfacton 
healing is feared 

In cases of ver\' seiious involvement, wdien the sacculated parts are 
ulcerated and presumabh infected, the plastic operations just described 
are not appropriate Flaps made under these conditions are likel} to 
slough, and infection is implanted on the hitherto uninvolved deeper 
parts It •will therefore be safest to excise great masses of tissue, 
including the underl3ung aponeurosis, without an3' flap making whatever 
Then, after antiseptics have been applied for ten da3"s or so, the clean, 
newty granulated surface can be covered witb an Olher-Thiersch or 
even a full thickness skin graft I have recentl3' carried out siicli a 
proceduie successfull3" m the case of a man whose huge, deformed leg 
the scene of innumerable febrile attacks, had w orn him down and made 
an invalid of him (fig 5 ) 


REFLEX EDEM \S 

These states are A'anous^^ known as ti opine edema and traumatic 
edema The3’' are related to causalgia and indeed are usually associated 
with so much h3^persensitiveness of the skin as to deserve that name 
They range from the terrible state of h3’’persensitive skin and burniHb 
pain described b3^ Mitchell and his co-w'orkei s,’^" in w'hich edema is 
trifling, to great sw^ellings of a limb m w'hich pain and sensitiveness to 
touch are perhaps little marked It is proposed here not to discuss 
causalgia or the entire subject of the post-traumatic pain sjndroine 
to indicate how^ the traumatic edemas can be recognized 

Actuall3q reflex edema probabty represents a dj sfuiiction of the ner^ 
vous mechanism associated with the blood vessels The little nenes 
this mechanism — wdiether the3 aie purelj vasomotor and t ere 
S 3 ’^mpathetic or are sensor 3 ’- and therefore belong to the somatic 
S3'^stem — are carried on the blood A'^essels into the great nene 
and so injuries of nerves as well as of blood vessels mav 

17 ifitchell, S W , Morehouse, G R and Keen, W IV Gunshot V 
and Other Injuries of Nerves, Philadelphia, J B Lippincott ^ the 

Mitchell, S W On a Rare Vasomotor Neurosis of the Extremities, g 
Maladies with Which It ^lav Be Confounded, Am J ^I Sc 76 17 (Ju '/ 
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them into disoidci Sti imtcU tnouijli, am out of ,i gicat ^atlct) of 
trauma‘5. m the hioad ma\ he the cNCitimt; f.icloi V block of 

wood tails on the loot (iiit 2 C) a wound In a thoin oi by the 
bite ot an animal becoints inildK mfeetid femnioihac thiombosis occuis 



Fig 5 — Photographs in the case of H P W , a patient with ad\ meed elephantiasis 
nostra There were disatihng febrile attacks The tissues were peimancutly infected 
The whole back of the leg, the seat of a great local enlargement, was cut away 
f he subaponeurotic area esposed by the excision was covered with a thick Ollier- 
Thiersch graft The attacks hare been controlled, but furthci plastic proceduies 
Will be required 


(fig 2B) or a Colies fracture oi its reduction miuies a median neive, 
then the foot or the hand, the whole leg or aim, as the case may be, 
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becomes swollen, paitly paialyzed and partly held immobile from feai 
of contacts, the bones ati opined and the skin pale oi red and as a rule 
thin and Itypei sensitive 

All such changes appeal to be due to a sensory-sympathetic reflex 
which begins in the sensitn'^e neives of the blood vessels ahead} 
desciibed, passes inward to make a connection with outgoing sympathetic 
fibers and finally tiavels pei ipherall}'^ m the foim of an unnatural sympa 
thetic impulse Whethei the impulse must pass through a segment ol 
the cord and thence out through a synnpathetic ganglion or may go no 
faither centialward than a plexus on a large artery^ is immaterial It 
IS enough to know that it can almost alwaj^s be broken by interrupting 
the synnpathetic nerve supply'^ to the affected limb by a paravertebral 
sympathectomy and that it can often be bioken by Leriche’s^® pen 
arteiial sympathectomy, as of the brachial artery for edemas of the 
upper limb 

Those who see much of accident and liability insurance matters viH 
realize that these reflex edemas and the related states of painful and 
hypersensitive limbs offer a serious pioblem Many of them aie transi- 
tory'', a few aie persistent and all are more or less under the influenteof 
the patient’s mental i eactions Perhaps the most generally useful way to 
manage them is to accept Leriche’s view that the sympathetic sy^stem is 
concerned with all pain (and much edema) and to make use of 
procaine block in studying the individual case Livingstone 
cussed such matters m a most infoimative xvay I prefer a paraverte ra 
sympathetic block with procaine hy'drochloride to local injection of the 
anesthetic on the ground that if, as almost invariably happens, paralysis 
of the sympathetic nerves restoi es normal sensibility', color and xvarni 
to an exti emity, the patient is convinced that noi mal conditions have o 
the moment been restored, the ordinary' sensibility to touch, pmpn 
etc, being present, thus a favorable reaction to a sympathetic 


18 Lenche, R Des regies a suivre dans le traitement des fractures 
par infiltration novocainique des ligaments et mobilisation active immediate, 
med 45 873 (June 12) 1937 

19 To one who finds the sympathetic s 3 'stem concerned with many pain “ ^ 

It IS confusing to read Sir Thomas Lewis’ observations on the iw 
nerves” and their activities (Lewis, T The Nocifensor System of Nerves 
Reactions, Brit M J 1 431 [Feb 27], 491 [Maich 6] 1937) 

to be entirelj' different from the ordinary sensoiy nerves, though actua 
pass through the posterior nerve roots Thej have the pi operty of dis n _ 


pass tnrougn me posterior nerve roots tnej nave tne pi open. - gj,[ralh 
superficial tenderness in response to local injury and vhen stimulated 
cause capillary xasodilatation But all this is perhaps not related to reflex e 
20 Livingstone, W K Post-Traumatic Pam Svndromes An Interpre 
of the Underljing Pathological Physiology, West J Surg 46 341 (Jui 
(Aug) 1938 
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will ofKii wliLtliei oi iinl the lilnck is icpeated st.ii t the patient on the 
imd to iinpuneine-nt It not, a pcimaneiU opeiati\c s\m])alhcctonu 
ina\ lie ii'-ed Ctius ilso le^'iilt fiom peiiaileii.il sj nipathcetoni} , pie- 
siiin.ibh htcaii'.c tlic inttoinit iinpulses of tlu ief1e'\ .11 e inlcmiplcd In 
the piocednie 

Mhi^ion has been in.ide eailiei (in the seetion de\oled to the edema 
of disii'-c and injun ) to the edema of spiams hollow iiift the te.aehing of 
Lcnclie \nnous attcm|it'' lia\c been made to bicak tip witli the aid of 
local injection'; of prnc.nne Indiochloi ide especially in the case of 
sprained ankles, the MCions edema-pioducmg \asomolor icflcx which he 
describes Some of these ha\e been encoiir.igmg (IMovnahan but 
there is as \et no siibst.inli.il a<:i<cment on tlie subject 

1 ni M \s in I TO \i 1 1 iu.\ SM) iMitnoN 

'J hesL two causes are pi, iced together because .is tlie following dis- 
cussion will show It IS not alw.aes case to distinguish one fiom the 
other and indeed the two in.a\ be combined Occasional p.itienls infected 
with the eommon fungi of the feet sufTei from outbre,iks of allcigic 
redness and swelling, attacks which jiass ofT rapidly but which may, m 
a cunnilatne wa\ , lead to chionic edema (figs 2 D and 6 C ) It is often 
difficult to s,i\ in aiij gncii case whether the .itt.icks .ire .actually 
due to In perseiisitneness 01 to secondare iiifeclioii eiiteiiiig the skin 
be wae of the lesion caused be the fungus In the lattei ee’Ciit, the 
infection almost nceessarile sti cptococcie, t.akcs the foim of lymphan- 
gitis perhaps both dill use ,ind tubular, and m this ee'ay damages the 
superficial tissues and ciipplcs the lemph channels One w'ould suppose 
th.at .an aceuiate account of the .attacks might distinguish between these 
causes but patients arc not alw.ijs leli.able obscre’crs, and by the time a 
leg IS enlarged and indurated, ee'cn ulcerated, the course of the disease 
can selfloin be ti.aecd It was formeily believed that infection entering 
bj w'a\ of sores or abrasions was capable, by repeatedly introducing 
bacteria into the tissues, of leading in time to chionic edema, but it is my 
inipression that fungous infection is a moie potent cause The matter is 
cspecialh confusing because so many chronically sw'ollen and induiated 
legs aie prone to iilceiation anjwvay, as a result of sciatching and 
accidental tiaunia 

The following is a case in point 

Case 1 —I P , an obese woman 36 years of age, had suffered aftei childbirth 
from a phlegmasia alba dolens of her left leg, from which she had recovered with 
only a little residual edema However, it was the right leg which afterward became 
elephantiasic, and there may, of course, have been an unnoticed thrombophlebitis on 

21 Mojnahan, E J Treatment of Acute Sprains bj Procaine Infiltiation 
(Lenche’s Method), Brit M J 1 671 (April I) 1939 
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that side In any event, sores appeared in the lower half of the right leg, and seiere 
inflammatory attacks attended by high fever occurred at intervals of several months 
(fig 6 A and B) During e\ery attack the whole right leg became red and swollen 
After each, desquamation occurred The ulcers were uncontrollable Epidermo 
phytosis on the foot was unmistakable Since no treatment which the patient was 
capable of carrjmg out caused the ulcers to heal or the attacks to cease, a lumbar 



Fig 6 — A, legs of I P , a patient with edema due to allergy and ni ec 
permanent as to deser\e the name of elephantiasis Extensive multiple ucera^ 
are present B, legs of the same patient during a febrile attack (mlec ^ 
allergic) C, legs of T H , a patient with allergic edema related to fungi 
of R N j\I , a patient with a cavernous lymphhemangioma Vicarious me 
tion occurred from the small dark spots above the knee (The indivi ua 
graphs are taken from Homans, J Circulatory Diseases of the Extremities, 
York, The Alacmillan Companv, 1939 ) 
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-\ni]ntIi(.i.toiin wt'- iHrlorimd 1 Iil ititi behind tins oiicntuni ms to clniigc tlie 
LinironiiiLin ol the oiKnni''nis i)\ imrci-.niii the \ iseuhnt\ of the superficial puts 
and so to cati'-e tin nleiis to lit al Xeftiilh tlie efTeet iiioduccd was to lea\e tlic 
skin so liot and dr\ tint i eondition hostile to liingi was eieited \t the time of 
writing some two ^eaIs litei, oiiK one small tileei reinams no iiioie ittaeks line 
occurred and the lec is distiiietK sniallei ind less haid tlnii before 

TIic secoiui ease to lie desciiiied is ])ciliai)s one of a pure allcigic 
reaction to a lungus thongli tins is In no means eeilani especially 
because as aliiadx e\|)lained alleigie oi mfeetious outbieaks ma} 
occur 111 sjioindie eleplianti isis in (lie piesenee of infection b\ fungi 

C\si 2 — L K a sin ill woman id \eirs tif age, had ittendcd a KMiinasiuiii sonic 
eight \ears earhei aiul w is awate ol ha\nig ie(|tiiied a fungous infection of hci 
leet Two aears later si\ eears helore she eame under iin oh enatioii the lowei 
part of the right leg rather stiddeiih swelled and a month iitciward the whole 
leg below the knee hec ime ‘‘sore’ She went te> bed foi thiec wcci s Since that 
time she had sufTered seieral such attacks and three weeks heiore she was fust 
seen h\ me she noticed an increase of swelling so severe that the leg felt ‘as it 
It would burst’’ She had noticed also two nutated areas, one over the instep 
and the other on the shin ik ir the knee W hen exaniincd, the skin of the right 
foot and leg was a little hot and lamtK reddened hut since the patient had kept 
the loot elevated lor several weeks, the inkle and cili were onlv shghtiv swollen 

\bout a vear and a hall later attci i summer vacation dm mg winch the leg 
gave almost no trouble, she suffered the worst ittack she had ever c\pcnenced 
This time both legs swelled acuteh She noticed some tmj blisters on both feet 
After a week of swelling, the legs returned to tlieir previous state Now, the 
right leg IS clearlv the seat of chronic edema and slight hut noticeable defoiniitv 
There IS no e\tcrnal sign ol epideimoplivtosis The piticnt’s liv pcrseiisitiveiiess 
to fungus is under mvesligatioii 

Ticatincut — T be pioblcm of dealing with allcigic slates especialh 
those due to an tlusnc fungus, is difficult The patient’s icaction to 
her own fungus should of course be studied, but wlicn no desquamating 
skin and no thickenings between the toes aic picsent this cannot be 
done One must tlicii fall back on a “shotgun” collection of fungi, 
test with that and if necessai} desensiti/e the patient to the wdiole 
group I 

I use another method — lumhai S 3 'mpathectomy I am not aw'aie 
that this proceduie has befoic been used to cute epideimophytosis 
However, the hot, dr}^ skin of full peupheral vasodilatation is obviously 
hostile to the growdh of a fungus, and the one experience cited here 
fcase 1) IS decidedly encouraging It haidh seems light to recommend 
lumbar sympathectomy for routine use, foi it ceitainly canies a risk, 
which in the piesenee of infection in the coiiesponding leg may be 
prohibitive Piohahly it should be used only after piolonged treatment 
of any (bacterial) infection which may be piesent, in caiefully selected 
cases 
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C\Vl:R^OUS LYMPHAXGIOAIA 

A biief account of this peculiar deformity is offered so that com 
paiison can be made with the various states of elephantiasis described 
It is of couise a congenital malformation The superficial tissues in 
the region affected are puffy, presenting a surface which ma} be 
smooth or slightl}’’ uneven, but the color of the skin is normal The 
enlargement may involve a whole foot or hand or only a finger or t\io 



The 

Fig 7 — Aj hands of R F A The left hand shows a bizarre malformation 
right hand, which has been photographed from both the dorsal and the pa 
aspect, shows a diffuse cavernous lymphangioma and has already been su je 
one operation B legs of J B A , a patient with a cavernous angioma of 
foot C, cavernous angioma at the base of the great toe of G Huge, deform 
were associated with the angioma (The individual photographs are taken 
Homans, J Circulatorjf Diseases of the Extremities, New York, The i 
Company, 1939 ) 

The part feels rather boggy and not tense, and the swelling 
affected by elevation or depression It does not pit like an early e 
Yet if one sees an infant’s foot like the one shown in figure U 
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liardh be CLitain ‘:a\c In tliL niaiLli ol e\tnis, wlictlici the tioiiblc is 
one of h iijpbadc doJititiiti ibt siijiti fieuii pai is })cing olbci w isc imt luM, 
or wlictlicr tlic tissues supeilicial to tlic nuisLulai aponeurosis aie nial- 
loriucd In the fust ease, tlie nbole leg mil piesent iMuphedema 
ind mil slowh enlarge in the secfind the change mil icniain confined 
to the original area and mil onl\ enlarge mth growth Not uncoinmonh 
the hinphangioinas ot infanc\ aie assoeiated with hi/.uie malfoiinations 
ol the fingers oi toes (fig 7 I, B and C) 

V caeernous 1\ niphangioiiia often occu])ies se\ci.d deiniatonies on 
the surface of a limb, in extreme cases, the whole limb, .is is shown in 
figure 6D It must he recogiii/ed tli.it the supeifieial tissues aie totally 
changed 1 lie\ aie fiiiid so.aked fibrosed and vei} vasculai The apo- 
neurosis beneath nia\ he Licking so that the .ihnormal tissue ma} extend 
in an irregulai shallow wa\ into the muscle llius the icmoval of the 
larger lymphangiomas is a difficult ni.attcr It is usuall) best to leiuove 
one hit h} hit in a series of minor pioccduies, especial!} when it 
occupies a hand oi a foot 

COM MI XT 

\n attempt has been made to sort out and desciihe the l}mphedemas, 
of the lower limbs espccialh which aie due to local c.auscs The 
elepliantiases, that is, those associ.ated with a tot.al dis.appear.ance of the 
l}mpli Acssels, are unexiil.ainahle .iiid as one might suppose, aie really 
incurable that is to sa}, there is no w'.a\ of lestoiing diain.ige of the 
tissue fluids To do aw.u with the swelling, one must lemove the tissue 
in which fluid collects 7 Ins need not, as a inlc, be done foi the thigh 
It IS enough to reduce the si/e of the leg below the knee 

None of the other hmphedemas aie wholly of lymphatic oiigin 
Those which originate in fcmoroiliac thromhophlehitis aie ceitainly due 
in part to mvohement of the larger lymph vessels of the pelvic hum m 
the perivascular exudate which is so often present m these cases, hut 
venous obstruction (at fiist) and peripherial vasospasm (latei) ceitainl} 
contribute to the swelling of the limb 

The allergic edemas aie undoubtedly going to piove of inci easing 
clinical importance As yet it is not known whether such states can 
become established without definite acute attacks of redness, swelling and 
fever If edemas of this sort can arise quietly, as it were, then the vaiious 
fungi of the skin must he even more common and have more access to the 
internal mechanism than is now believed to be the case Without pro- 
posing to he an alarmist, I deprecate the rather general tendency of 
members of the medical profession to shut their minds to this matter 
The reflex edemas, that is, the rare and pictuiesque swellings which 
arise unpredictably from trivial injuries and infections, seem to be related 
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to S3'mpathetic contiol of the penphcial blood vessels However, their 
peculiar mode of oiigm, especially m trauma to certain nerves (the 
median and sciatic) should make one caieful not to be too certain of 
then natuie, and the hypersensitiveness to touch which is so often 
associated with them appeals to give them a relation to the causalgias 
Theie is much to he learned of the relation of pain, superficial tenderness 
and edema, as a complex, to the somatic and sympathetic nervous 
S3rstems The reflex pathwa3's concerned with the reflex edemas and 
causalgia-like states require especial stuch 



AMPUrAllOX FOR PERIPHERAL VASCULAR 

DISEASE 

GLZV m r\K\lS, MD 

\ND 

TOHX T RCWOLDS, MD 

CHICAGO 

In spite 01 significant additions to the consenatue thciap}’’ of 
peripheral \asciilar disease such as suction and piessurc therapi, 
intennittent \cnous Inpcicinia, lontophoiesis with acctylbetaineth} 1- 
choline Indrochloiide (nicchol}!) and ollici incasuics (tlie ^alue and 
limitations of which ha\c been icccntl} anahred fiom this clinic'), 
there still remains a group of cases m which amputation must be pei- 
formed cither as a hfe-saiiiig measure or to rid the patient of a pain- 
ful and functionless limb which undermines his moiale and low’^ers 
his earning capacit} It has seemed to us that since the ad\ent of the 
newer conscr\ati\e mcasuies, which arc urged and demanded by patients 
e\en in obMOUsly hopeless cases, patients come latei than ever for 
amputation, tliereb\ increasing the inoitality and disci editing the pro- 
cedure 

In this brief stud) we wish to picscnt oiii expeiience w'lth inajoi 
and minor amputations done foi peiiphcial \asculai disease bv oui- 
selves or under our supeiMSion m the fi%c year peiiod fiom 1933 to 
1938 The puipose of tins picscntation is to emphasize certain pro- 
cedures w'hich have helped us to establish the indications, to deciease 
the mortality associated wuth amputation and to improve the functional 
status of the patient 

INDICATIO^S rOR AMPUTATION 

No surgeon has the light to deny the chance foi life to a patient, 
even if the risk is gieat The patient’s lelatives may say that they 
would rather see him die than lose his leg There is usually, however, 
much less opposition from the patient than fiom the relatives, and if 
the surgeon convincingly urges amputation the peicentage of refusals 
will not be great 

From the Department of Surger 3 s University of Illinois, College of Medicine, 
ind from the “Circulatory Group,” St Luke’s Hospital 

1 de Takats, G , Beck, W C , and Roth, E A The Neurocirculatory Clinic 
I Peripheral Vascular Disease, Ann Int Med 13 957 (Dec ) 1939 
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By a “fan chance to sa\e the hmb” we mean the following con 
ditions (1) ability of the patient to have absolute lest in bed and 
adequate nuising care foi approximately three months, (2) absence 
of any sign of spreading infection (which would indicate immediate 
amputation) , (3) absence of massive gangrene (small gangrenous 
patches, or tiue cutaneous infaicts, may slowly fall off and epithelize), 
and (4) absence of intractable pain or good response to absolute rest, 
proper postural angle, vasodilators, mild sedatives, passive vascular 
exercises or paravertebial block with alcohol When these conditions 
are not fulfilled, an eaily amputation lowers mortality, restores the 
patient’s moiale and may lestoie some of his earning capacity 

The last-mentioned benefit should be considered m regard to weight 
bearing Most patients above the age of 60 w ill not learn to use an 
artificial limb, and a weight-bearing stump need not be considered 
Because existence in a wheel chan is dieaded b)’’ every one, we wash to 
present the follownng case history 


REPORT or A CASE 

Mrs E N , 69 years old, diabetic, was suffering from a popliteal atheroma 
Although she had no frank gangrene, severe ischemic neuritis was present and 
was so intractable that an amputation rvas suggested It was readily consented to 
A Callander amputation was done on March 7, 1938 Tw'elve dajs after the 
operation the patient w'as w'alking on crutclies On her discharge from the 
hospital she was put on a 1,500 calory diet for control of the diabetes, and it 
was not expected that she would learn to use an artificial hmb However, she 
appeared in the office three months afterw'ard w'lth an excellent weight-bearino 
stump, using an artificial limb without a cane or crutches She was the o es 
patient in this series who learned to use an artificial hmb 


DETERMINATION OF THE PROPER LEVEL OF AMPUTATION 

In a previous communication one of us (de Takats pointed out 
that although the pulses and the color of the hmb point to a proba y 
satisfactory level of amputation, the literature contains many reports 
of reamputations at a higher level wdiich were undertaken because 
sloughing of the skin or of the muscles Our clinic has consistent^) 
utilized measurement of cutaneous tempeiatures and production 
famine flares to determine the level of circulatory efficiency 
patient’s lowei limbs are exposed to room tempeiature for fifteen 
utes, and the abdomen is heated with a heat cradle to release ^ ^ 
vasospastic element Often a sudden drop m temperature is e 
certain level, which is then marked with an indelible dye This e 

2 de Takats, G The Determination of the Proper Level of Ampul 
Internat J Med & Surg 47 339 (Sept ) 1934 
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may be a few inches below the hip joint, just above the knee, at the 
knee or at the midcalf , often m cases of infectious diabetic gangrene 
the entire leg and foot are waim Such a finding, as was emphasized 
by McKittrick and Pratt,“ peimits minor amputation (of toes), which 
heals well even m the presence of diabetes and in the absence of 
palpable pedal pulses Of course, if the pulses of the foot are well 
palpable and spreading infection is absent, a digital or arteriolar 
obsti action is obviousl}'’ present, and minor amputation or spontaneous 
separation (to be discussed later) is preferable 

The cutaneous tempeiatures can be determined by a simple meicury 
thermometer adapted to such use, but when this is not available the 
palm IS capable of detecting sudden drops of temperature If the fall 
in cutaneous temperature is gradual, theie is really no definite border- 
line of ciiculatory efficienc}' 

Histamine flares are produced by injecting 0 1 cc of histamine 
h} drochloi ide or histamine acid phosphate in a 1 1,000 solution 
Ampules containing this amount are readily obtainable on the market 
From four to five injections are made, at the usual sites of amputation, 
such as the midthigh, the lower part of the thigh, the knee, a point 7 
inches (17 cm ) below the knee and the dorsum of the foot A great 
deal of edema and cyanosis and the pressure of spreading lymph- 
angitis obviously prohibit the use of these injections at the site of the 
complications The leaction of the skin to histamine is read in five 
minutes by determining the size of the hyperemic zone and the intensity 
of hyperemia or by measuring the rise in cutaneous temperatuie as 
suggested by Perlow * The latter procedure is helpful with Negro 
patients, in whom the arteriolar response to histamine is not visible 
A detailed study of the cutaneous reactions to histamine has been 
published before ® 

The two tests, namely, detei mination of the cutaneous temperatures 
and production of histamine flares, point to the same level almost 
invariably When there is not much time to lose, the histamine flares 
alone have been utilized 

On the basis of several hundred such deteiramations we ha\e con- 
cluded that a positive reaction to histamine insures a viable skin flap, 
proiided no severe infection or undue tension of skin sutures occurs 
•k negative reaction to histamine does not exclude the possibility that 

3 AfcKittnck, L S , and Pratt, T C Principles of and Results After 
■imputation for Diabetic Gangrene, Ann Surg 100 638 (Oct ) 1934 

4 Perlow, S The Temperature of the Flare as an Inde'^ of the Intensiti of 
the Histamine Skin Reaction, Am Heart J 11 605 (Mai) 1936 

5 de Takats, G The Cutaneous Histamine Reaction as a Test of Col- 
lateral Circulation, 'irch Int Med 48 769 (N’o\ ) 1931 
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a well healing stump may occur In fact, some ) eai s ago Smith '' of 
New Yoik, demonstiated to one of us Ins excellent technic of ampu 
tation of the lower pait of the leg at a level at which the reaction to 
histamine was negative His delicate technic and careful attention to 
minute detail msuie wound healing undei doubtful cncumstances In 
our expel lence, however, this amputation did not result in primar} 
union in the type of patients referied to us for amputation After 
amputation at a level at vhich histamine flaies weie obtained we hare 
not seen any sloughing The leason for maiginal necrosis vill be 
discussed in the technical joait of this papei 


PREPARATION OP THE PATIENT 

Patients who aie to have an amputation fall roughly into t\io 
classes First, there are the septic, dehydrated patients, who must be 
prepared with a sufficient amount of fluids, often with tiansfusions, 
if diabetes is piesent the acidosis at least should be controlled ^ Because 
gangrenous paits so often harbor anaeiobic bacteiia, oui standing 
order is to give two prophylactic doses of polyvalent anaerobic serum 
It must be emphasized that a positive cultuie of Clostridium welcliu 
does not mean a clinical infection with this organism, nevertheless, 
the high mortality of gas gangiene following amputation® (59 per cent 
for the entire group and 75 per cent foi diabetic patients) makes it 
imperative that the incidence of postopeiative gas gangiene should be 
minimized There is good evidence nou of the value of serum m 
cases of gas gangrene, both m prophylactic and in therapeutic dosei 
In 2 patients of this senes fulminating gas gangiene developed 
older, a 65 year old diabetic patient, died, the }oungei, 45 years o 
suffering from thromboangiitis obliterans, lecoveied aftei use of mas 
sive amounts of seium, admmistiation of sulfanilamide and wi ^ 
exposure of the intramusculai spaces This expeiience makes us 
wonder whethei the piophylactic dose ought not to be raised to a 

6 Smith, B C Amputation Through Lower Third of Leg for Diabetic a 
Arteriosclerotic Gangrene, Arch Surg 27 267 (Aug ) 1933 

7 de Takats, G Surgery in Diabetes, J Kansas M Soc 36 177 

1935 

8 Ehason, E L , Erb, W H, and Gilbert, P D The Clostridium 
and Associated Organisms Review and Report of Forb -Three New Cases, 
Gynec & Obst 64 1005 (June) 1937 

9 Bates, M T Gas Gangrene A Re\iew of Thirti -Tw'o Cases with 

Reference to the Use of Serum, Both Prophylactic and Therapeutic, p 

105 257 (Feb ) 1937 Mitchell, O W M , Bryant, T L , and Chapnwn,^ 

Gas Gangrene Mo^bldlt^ and Mortality in New York State, New' or 
J Med 38 1015 (July 15) 1938 
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therapeutic one befoie the opeiation/® the tiauma of the operation 
and especially a tight closure of the stump in pooily vasculaiized areas 
can readily activate the “lesting” infection in the tissue spaces 

Because of the remaikahle lesults ohtaiii hy Kelly m the treatment 
of gas gangrene with loentgen ra}'s, we have also used prophylactic 
irradiation of the site of amputation m a few cases The value of the 
pioceduie cannot he estimated from our limited mateiial, as the 
incidence of gas gangrene following amputations in our series was not 
high , in a series ohsei ved at the Philadelphia General Hospital ® gas 
gangiene followed 67 pei cent of amputations When portable appa- 
ratus becomes generall}'^ available for piophylactic irradiation, more 
general use can be made of this method 

The second group of patients lequiiing amputation aie not in 
immediate dangei as to life Their limbs are useless and intractably 
painful, their morale is shattered, and not infiequently they come to 
us loaded with opiates If theie is a little time to spare, one can try 
to break the diug addiction, at least m pait, before the amputation, 
because the psj^chic shock of amputation togethei with sudden with- 
diawal of morphine oi pantopon (a mixture of hydrochlorides of 
opium alkaloids) a few days aftei the opeiation pioduce a difficult 
situation Sodium bromide both before and aftei the operation has 
seemed helpful We would warn against the use of scopolamine for 
elderly patients as a pieopeiative medication, it seems that patients 
with cerebial arteriosclerosis oi anv othei disturbance of cerebral 
circulation show a piofound lesponse to scopolamine They may be 
difficult to arouse foi tivelve to twenty-foui houis after injection of 
Vsoo grain (0 3 mg ) of scopolamine, which is obviously undesirable 
For patients undei spinal anesthesia, 1^2 giains (96 mg ) of pento- 
baibital sodium is sufficient, foi patients under general anesthesia, a 
small dose of moiphme with gram (0 4 mg ) of atropine 

The piepaiation of the field needs some comment Errors are 
fiequently made in too extensne or too neglectful cleansing of the 
skin The pait to be remo\ed should be caiefulh wrapped in cotton 
and gauze bandage and the edges bordeiing the suigical field glued to 
the skin wnth a 40 pet cent solution of mastic in benzene A. soap and 
water piepaiation the night befoie and a gentle swabbing with alcohol 
in the opeiating room aie sufficient Iodine, especially in derascular- 
izcd aieas, does more harm than good In amputations at the level 
of the midcalf oi of the thigh the use of iodine is less objectionable 

10 Tins suggestion has been recenth made b\ Callander and Ins associates 
( 'on T Snrg 42 811 1938) 

H Kelh, J r The Present Status of the X-Ra\ a-, an -Vid in the Treatment 
01 Gas Gangrene, Radiologi 2G 41 (laii ) 1936 
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but does not seem essential A 2 per cent solution of brilliant green 
(a basic dye, the sulfate of tetraethyldiammotriphenylmethane) may 
be conveniently used to outline the flaps 

ANESTHESIA 

In our experience, spinal anesthesia is the method of choice for 
major amputations of the lower extremities, even midtarsal or toe 
amputations may be done well with small doses of a spinal anesthetic 
For the spinal anesthetic from 100 to 120 mg of crystalline procaine 
hydrochloride dissolved in 2 to 3 cc of the patient’s spinal fluid is used, 
the blood pressure is maintained with 0 5 cc of a 1 per cent solution 
of neo-synephrme hydrochloride, this is gnen just before the lumbar 
puncture, and the dose may be repeated when the blood pressure falls 
below the preoperative level The anesthesia so induced disturbs 
the patient’s chemical equilibrium the least, diabetic patients may be 
fed by mouth a few hours after the operation It has been our cus 

Table 1 — Methods of Anesthesia tn Amputations for Pcnphcial Vascitlai Disease 


Type of Amputation Spinal General Intravenous Co'cs 

Major S3 10 ^ 

Minor 2 3 I 


tom to insist on this type of anesthesia except in the following instances 
(1) when the patient absolutely refuses spinal anesthesia, (2) when 
the patient is septic or comatose, m which case a veiy rapid amputation 
IS done with the use of a small amount of ethylene, and (3) when e 
operation is so short that a small intravenous dose of pentothal sodium 
(sodium ethyl [1-methylbutyl] thiobarbituiate) suffices Table 1 
these data in detail 

METHODS OF AMPUTATION 

With the exception of a few amputations of the upper 
which we are not reporting here, four ty'^pes of amputation have 
done in cases of peripheral vascular disease, namely, metatarsal 
tation, amputation of the lower part of the leg, transcondylar amputa i ^ 
and supracondylar amputation “High thigh” amputation was nec 
sary m a few cases of embolic obstruction of the common ihac ar ^ ^ 
Metataisal Amputation — Great credit is due to McKittricl^ 
in repeated publications has emphasized the important distinction 

12 Brunner, R , and de Takats, G The Use of Neosvnephnne lU P 

Anesthesia, Surg, G 3 mec & Obst 68 1021 (June) 1939 ^ Avtena! 

13 McKittrick, L S Indications for Amputation in 
Obliteration of the Loner Extremities Ann Surg 102 342 (Sept) 
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infectious and cii dilatory gangrene This is especially significant 
in cases of diabetes A toe may be gangrenous because of an infected 
callus propagating infection toward the bone, with production of 
osteomyelitis, which in turn pioduces edema, thrombosis of digital 
vessels and the appearance of a sloughing defect In such cases the 
pedal pulses may be impalpable, but the metatarsal region is warm , in 
fact, there is evidence of inflammation (rubor and pus formation) 
The reaction to histamine on the doisum of the foot is positive The 
patients, having been immobilized m bed foi several weeks, resting 
on their heels, have deep abscesses under the plantar fascia, which may 



Fig 1 — A, roentgenogram of the right foot of Eliza C , a 65 jear old Negress 
Note the subluxation of the third toe, which was not disturbed and did not interfere 
"ith walking B, right foot of the same patient The scar lies anterolaterallj and 
is not painful The patient walks on this foot without am discomfort or orthopedic 
appliance 

be easily oveilooked and which mat finalh lead to loss of the foot 
E\en elderly diabetic patients toleiatc the lemotal of one or more toes 
and make a good functional recot ei} it tliese abscesses under the 
lilantai fascia are looked foi and adequateK drained In the ca«e of 
E C , a 65 year old Negress, a inetataisal amputation of the first and 
second toes was peifoimed In older to get satisfactort anteropos- 
terior drainage, the fiist inetataisal bone had to be amputated at a 
fairh high letel (fig I A) A.fter a long coinalesccncc the foot healed 
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well, and the patient has been repeatedly examined, the last time being 
two years aftei the opeiation She wears a metatarsal pad in her shoe 
(fig IB) 

In cases of Bueigei’s disease it is usualh wise to wait for demar 
cation of a gangrenous phalanx , when the whole digit is involved, cans 
mg intiactable pain and thieatenmg ascending infection, metatarsal 
amputation shortens functional and economic inefficiency The flaps 
in such cases must be loosely sutured with a few interrupted sutures, 
without tension oi drainage In 2 recent cases a lumbar sympathectoni) 
was performed prior to such an amputation, it markedly improved the 
collateral circulation at the level of amputation, increasing the chances 
of healing (fig 2) 



A B 


Fig 2 — A, roentgenogram of the foot of Earl S , a 35 year old 
suffering from Buerger’s disease B, same foot after amputation 
healed slowly four weeks after amputation Lumbar sympathectomy prece e 
amputation 

Foi embolic gangrene of the toes a metatarsal amputation may be 
attempted, provided that a fan collateral cii dilation has developed down 
to that level If the gangrene is dry and shows no signs of infectioO) 
from fifty to one hundred houis of intermittent venous 
may help to develop the collateral circulation Unfortunately, the ^e^ 
in such a case are useless because of ischemic nerve paralyses or 
contractures, so that a minor amputation can seldom be carried out 

14 de Takats, G , Hick, F K, and Coulter, J S ^ 108 

Hyperemia in the Treatment of Peripheral Vascular Disease, J A 
1951 dune 5) 1937 
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The worst chances foi a successful minor amputation are found in 
cases of arteriosclei osis This is m accordance with McKittnck’s 
statistics It means that once amputation has been decided on, the 
metatarsal level is usually too low, even if the wound slowly heals, the 
stump is painful and cold and the foot useless for locomotion Barring 
an exceptional case, this amputation is not apt to succeed and will have 
to be followed by a high amputation 

‘‘Lowej Leg” Amputation — ^Amputation of the lowei pait of the 
leg has obvious advantages over amputation through or above the 
knee The associated mortalit}’- is lower, and preservation of the knee 
allows far better locomotion than is possible if the knee has to be 
sacrificed It is far more difficult, however, to construct a satisfactoi> 
stump for patients suffering from peiipheral vasculai disease An 
adequate muscular and fascial covering for the tibia, even when its 
crest IS well chiseled off, is desirable, on the other hand, suture of the 
fascial planes in amputation for penpheial vascular disease increases 
the percentage of infection and mortality, as has been brought out by 
Taylor The ingenious method of Smith ® does away with a numbei 
of objections to amputations below the knee He has lecently 
reported on twenty such amputations for diabetic gangrene, with a 
mortality of 18 1 per cent In a recent personal communication he 
reported 41 such amputations, with a mortality of 11 pei cent, 95 per 
cent of the patients could wear an artificial limb These results are 
so striking that an attempt should be made to i eproduce them elsewhere 
Our experience with this type of amputation is so small that it cannot 
be used for statistical purposes Of the 3 patients m whose cases it 
was tried, 2 (with diabetes) died, probably owing to the increased trauma 
and the more difficult conditions of drainage following the operation 
Recently, ho\\ ever, 5 such amputations were performed without mortalit)" 
and with excellent functional results For the material that v e are deal- 
ing with, amputation of the lower part of the leg cannot often be 
considered The patients either come to us with an ascending infection 
originating from preexisting gangrene or with such poor collateral circu- 
lation that an amputation below the knee cannot be successfully per- 
formed For this reason we have become more and more coiiMiiced of 
the value of the transcond) lar amputation of Callander 

CaUandeVs Amputation — Most authors dealing vith arteriosclerotic 
patients w"ith or w'lthout diabetes agree that when amputation of toes 

15 Taj lor, F W Amputation Stump of Arteriosclerotic Gangrene, Surg, 
Ginec {L Obst 67 114 (Tul%) 193S 

16 Smith, B C The Therapi ot Surgical Complications oi Diabetes Mel- 
htus at Prcsbitenan Hospital in New Aork Cit\ 1930-193'' Siirger\ 2 S09 
(Oct) 1937 
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IS impossible the level of circulatory efficiency is at the knee Among 
the many cases in which Ave have used histamine flares since 1930 there 
were only a few instances in which the flares ivere normal below the 
knee Before the introduction of Callander’s method amputation in 
such cases was done at the lower third of the thigh by the circular, or 
flap, method Of 21 patients so treated, 7 died, a mortality of 333 
per cent In a comparable group of 26 patients amputation was done 
by Callander’s method, with death of onl}'^ 2 patients (7 6 per cent) 
These figures, howevei, hardly express the superiority of the method 
because of the weight-bearing ability of the stump, the lack of infec 
tion of the stump and the absence of need foi secondaiy amputations 

Although the method has been twice described by Callander, its 
general use, as far as Ave can tell, is still delayed Because it has given 
such satisfactoiy lesults m oui hands, we wish to draw attention to it 
again The method has not been modified, although a few insignificant 
points have been added to it 

Figure 3 shows the outline of the flaps, which we prefer to marl 
with a 2 per cent aqueous solution of brilliant green These lines are 
shown as oiiginall}'’ desciibed by Callander, the posterior flap extending 
more distally than the anterioi In the 3 instances of marginal necrosis 
that were encountered the condition occurred on the posterior flap 
This flap extends so fai down and its viability can be so easily injured 
that it seems wise to make the two flaps extend distally to the same 
level, namely, to the tuberosity of the tibia 

In figure 4H the four internal hamstring muscles have been cut 
and are seen to retract This, together with the severing of the adductor 
magnus muscle close to its femoral insertion, opens up the popli ^ 
space, which can be approached at this point in the operation or, pcc ^ 
ably, when the lateral wall of this space has been entered 

In figure 4 B the popliteal space has been entered from the latera 
side after the cutting of the tendon of the biceps feinoris muscle au^ 
the iliotibial tract The nerve is cut and sealed with electric 
and alcohol is not injected into it This, we beliere, diminishcs^^^^ 
incidence of fantom limb pain and the incidence of neuromas 
use of the cautei y was described by Hedri many years ago, an ^ 
have used it for several years The artery and vein are tied separ 
with silk and transfixed with a silk suture , if they are closely ma 
together, as the)'- often are, they may be tied and transfixed en ma 

17 Callander, CL A New Amputation in the Lower Third . ( 1,2 

J A M A 105 1746 (Nov 30) 1935, “Tendoplastic” Amputation Throng 
Femur at the Knee Further Studies, ibid 110 113 (Jan 8) 1938 

18 Hedn, A Ein einfaches Verfahren zur Verhutung der Trermungsne 
Verhandl d deutsch Gesellsch f Chir 45 50 1921 
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Next, the knee joint is enteied through the anterior flap (fig AC) 
The patella is excised b} shaip dissection, care being exerted not to 
injuie the patellai ligament, which is latei used to cover the sawed 
end of the femur No attempt is made to lemove the synovial mem- 
brane, as it does not seem to mteifeie with piompt healing The 
posteiior flap is then piepaied, and the fenun is freed just above the 
condjles, at a level shown m figure 3, which is lowei than m the usual 
supracondjdar amputations This lesults in a widei and heavier weight- 
beaiing suiface The bone is sawed off aftei a subpeiiosteal cuff is 
foimed The bone maiiow is not distuibed 



Fig 3 — Outline of skin flaps for the amputation described by Callander 
A, lateral view, B, anteroposterior view The anterior flap is started about 4 
fingerbreadths proximal to the internal condjle of the femur, at the well palpable 
border of the quadriceps fenions muscle It swings around through the level of 
the tibial tuberosity to the lateral border of the quadriceps muscle, ending at the 
same height as on the medial side Note that the posterior flap originates at 
right angles from the anterior flaps and reaches farthei distally This may be 
the reason, together with a possible operative injur j to the collateral arteries 
of the knee, for the occasional marginal sloughing of the posterior flap 

Figure AD illustiates the loose appioximation of the two flaps by a 
few skin clips No sutuie has been placed into tendons or ligaments 
Copious diainage occurs for a few days aftei this amputation A dram 
may be placed undei the postenoi flap for a day or two It must not 
endanger the riability of the posteiioi flap Although the flaps look far 
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Fi? 4 — A, deepening of the incision of the anterior flap The four ini 


ternal 

Thti 


cnt 

teliar 


hamstring muscles have been picked up and cut close to their insertion 
readily retract from the tvound Not shown here is the insertion of the ad uco^ 
magnus muscle on the femur, which is also severed B, exposure of the 
fossa from the lateral side The tendon of the biceps femoris muscle an 
iliotibial tract have been cut The sciatic nerve or its two divisions are se\e 
with the electric cauter^ The vessels are tied -with silk and transfixed to prc' 
slipping C, exposure of the knee joint through the anterior flap The pa e 
ligament is carefully saved, but tbe patella is discarded The femur is 
off just above the cartilage, and the patellar fossa is fitted into the sawe sur 
D, final stage of the operation The two flaps are allow ed to fall toget ^er^^ 
sutures are placed in the patellar ligament Onh a few skin clips are p 
approximate the edges of the skin If there is a large dead space under the 
flap, this may be drained for twenty-four hours Copious drainage occurs 
the skin clips , w'hen this subsides, in four to fii e dai s, more clips are ap^p^ 
accurate closure of the w'ound The flaps, which at first seem far 
rapidly retract 



de TAKATS~REYN0LDS—VASCLL4R DISEASE 


265 


too loose for a few da)s, an astonishing amount of retraction takes 
place in the posteiior flap, so that the suture line is fai enough from 
the weight-bearing surface (fig 5) 

MORT \LITy STATISTICS 

Excluding amputations of toes and metatarsal amputations, which 
were followed b) no deaths, we are presenting oui data on 50 major 
amputations Of the 50 patients, 14 died, a total mortality of 28 per 
cent (tables 2 and 3) This is lo\ver than the figuies from the Phila- 
delphia Genet al Hospital ® and those from the Cook County Hospital 



Piff 5 — Amputation stump ten days after a Callander amputation Ten dajs 
later a temporary peg- leg was applied The mobility of the flaps and the painless, 
direct weight-bearing stump always astonishes the makers of the artificial limb 

in Chicago but much higher than the figures of McKittnck and 
those of Smith Although the number is too small to warrant sta- 
tistical analysis of such factors as age, infection, absence or presence 
of diabetes and absence or presence of arteriosclerosis, it is obvious 
that advanced age, diabetes and extensive cardiac damage, but especiall}" 
generalizing sepsis, laise the mortality rate We were interested, how- 
e\er, in dividing these cases according to the t^pe of amputation per- 
formed (table 4) At piesent we haie not enough experience with the 

19 Apfelbach, G L The Surgical Management of Lesion? Peculiar to 
Diabetes Mellitus, Illinois M T 56 332 (Xo\ ) 1929 
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technically delicate amputation of Smith to express any opinion on it 
but the difference in lesults between the customary “low thigh” amputa 
tion and the Callander amputation is sti iking The mortality rate 
dropped from 33 pei cent to 7 6 pei cent, although the selection of cases, 
the material and the suigical personnel weie the same during the file 
year period The Callander amputation provides foi copious drainage 
for the first few days without sacrificing stump length and also with 

Table 2 — Causes of Death Follozoing Amputation fot Penpheial Vasculai Diseast 


^umber of Deaths 


Bronchopneumonia 

2 

Coronary occlusion 

2 

Delayed shock 

1 

Cardiac failure 

1 

Sepsis 

S 

Total 

14 


Table 3 — Tvpes of Gangicnc Necessitating Majoi AnifnitatioiV 


Gangrene 

Number of Cases 

Number of Deaths 

Diabetic 

SO 

10 

Arteriosclerotic 

11 

2 

Poetcmbolic 

6 

2 

Post thrombotic 

8 

0 

Total 

50 

14 


* In no case of Buerger s disease ivas amputation performed aborc the metatarsal level 


Table 4 — Moitahtv FoUoiving Vaiious Tvpes of Ainputatioii 


Type of Amputation 

Metatarsal 

Bower third of thigh 

Callander 


Number of 
Oases 

15 

21 

2G 


Percentage of 
Deaths 

0 

S3 

76 


Total 


02 


US 


out prolonging the stay in the hospital, as secondary closure is 
accomplished A compaiison of the peiiod of 
two amputations shows that after twenty-one amputations at e 
part of the thigh the average number of days in the hospital was 
as compared with a stay of eleven days after twenty-six a 
amputations Some patients were discharged as early as six days a 
the operation 

EMERGENCY AMPUTATIONS 

When patients are first seen in a septic, dehydrated, somet 
comatose or delirious, state, little time should be lost in per 
emergency amputation We have been lepeatedly amazed at 
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of such an amputation on a comatose, monbund patient Obviously 
the mortality late of such amputations is higher, the mortality rate of 
our deliberate amputations uas 14 5 per cent, while that of 15 emergency 
amputations was 33 pei cent We feel, however, that in the last year 
we have decreased this mortaht} by (1) doing a rapid guillotine amputa- 
tion below or above the knee m eight to ten minutes , (2) using morphine- 
scopolamine premedication and a slight quantity of nitrous oxide with 
plenty of ox}gen foi the anesthetic, (3) giving tiansfusions, sulfanil- 
amide and anti-gas gangrene serum befoie and after the operation, 
and (4) leaving the stump wide open, without a single suture, and 
using dependent drainage instead of the frequently employed elevation 
of the stump 

It is difficult to foresee when a gangrenous leg will become suddenly 
a source of general septicemia and toxemia The patient may be 
admitted to the hospital m good general condition, with a slight fevei 
in the evening or none at all and with modeiate leukocytosis Within 
a day or two the patient may suddenly become septic, and one has a 
feeling that valuable time has been lost Although preparation with 
anti-gas gangrene serum and diabetic control are, of course, desirable, 
no time should be lost if septicemia is threatening or is present The 
best treatment for the patient’s diabetes is to get rid of the source of 
infection, and only the acidosis needs to be controlled 

REAMPUTATIONS 

Stumps may have to be reamputated because of tight skin, spurs, 
neuromas or marginal necioses of bone, but in cases of vascular disease 
a problem arises regarding the secondary closuie of guillotine amputa- 
tions Guillotine amputations through the lower part of the leg or the 
thigh have occasionally been done on septic, comatose patients under 
gas anesthesia of short duration , it is remarkable how these severely 
handicapped patients tolerate such a rapid amputation It is customary, 
however, from two to three weeks after this operation to resect the 
protruding bone and close the skin o\er it Such operations frequently 
result in a flare-up of the latent infection, which necessitates reopening 
of the stump and lesults in further dela)" m healing Of 8 cases of 
guillotine amputations in which the stump was subjected to secondary 
closure, a marked flare-up occurred m 4, 1 patient, seen m consultation 
in another service, had general septicemia We have come to the con- 
clusion that skin flaps should be prepared at the first operation Should 
the shrinkage be so extensive that secondarj closure is impossible it 
IS better to use skin grafts to cov’er the stump than to reamp itate 
through a previously infected field Another method used was to do a 
Callander amputation after a guillotine amputation through the lower 
part of the leg Bj this method the infected field is not reentered 
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COMMENT 

Such a mutilating opeiation as amputation is unwelcome to both 
patients and surgeons It is una\oidable, howevei, m case of sudden 
raterial occlusion that could not be oi was not sulijected to embolectomy 
01 of chronic vasculai occlusion foi wdiich effective consei vative tieat- 
inent was not staited in the earty stages A diagnosis of “iheumatic 
pains” or “flatfoot” is still made too often m the eaily stages of 
peripheral vasculai disease, and much valuable time is lost by ineffective 
or harmful measuies A combination of sympathectomy and amputa- 
tion of toes might also save from majoi amputations a numbei of 
patients suffering from advanced foims of Bueigei’s disease 



Fig 6 — Massive gangrene of the right leg Miss M H, 80 jears old, mildlj 
diabetic, had a small gangrenous patch over a bunion The gangrene rapidh spread, 
producing profound toxemia With adequate diabetic control and fluid intake 
she was kept alive for several weeks She died of acute coromn occlusion 
Amputation was not attempted (Case of Dr George H Coleman ) 

Few patients aie so independent financially that lest in bed foi 
months m a favorable climate wuth adequate nuismg care is feasible 
The urgency of restoring the patient’s earning capacity should ahva)s 
be kept in mind Massive gangrene calls for prompt amputation except 
m cases of extreme senilit} (fig 6), as a tvell localized diy gangrene 
may develop overnight into lapidly piogiessive toxemia and septicemia, 
with an increased rate of mortalit}’- and need for prolonged hospitaliza- 
tion Although the utmost consei i atism must be observed m adiocating 
the loss of an)’^ part of the extieinities, no time should be lost in remo\- 
>ng a part wdnch is obiiously lost and which no magic can rcco\cr 
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Foi seveial years we have kept records (1) of patients who were urged 
to have an amputation but refused when first seen and (2) of the 
financial stiain which the patient has shouldered before he submitted 
to amputation Of the 10 patients who weie urged to have a major 
amputation and lefused, 3 leturned within six months to us, 4 had an 
amputation elsewheie and 3 could not be traced Among 15 patients on 
whom data in legard to medical expenses are available, three groups 
were established Five patients who were unemployed or earned less 
than $100 a month were on relief from two to four years because of 
inability to work, 3 of these were rehabilitated and regained their 
earning power Seven patients whose income was from $150 to $300 
a month had spent from $1,500 to $3,500 (approximately one rear’s 
income) for medical care and weie devoid of reserves when they came 
to amputation Three patients in the upper brackets of income had 
spent an average of $5,000 to save an obviously lost extremity 

We wish to make it clear that we do not lefer to patients who with 
conservative therapy (in which we include symipathectomies and ampu- 
tation of digits) have a fan chance to retain the limb The crux ot 
the situation lies in defining this “fair chance to save the limb,” as ui 
the other two groups, namely, patients with good collateral circulation 
and patients with massive gangrene and increasing toxicity, the indica- 
tions are well defined and need no elucidation 

SUMMARY 

The indications for amputation and the methods and results of 
amputations done in certain cases of peripheial vascular disease hai^e 
been discussed Determination of the proper level of amputation an 
preparation of the patient are described Factors decreasing morta it} 
are emphasized The study was based on 50 major amputations 
Although a mutilating operation, amputation for vascular disease con 
tinues to rehabilitate economically handicapped or seriously endangere^ 
patients for whom conservative measures are ineffective The mor a ) 
can be reduced to a small, unavoidable percentage, especially by anipu 
tatmg before infection is superimposed on gangrene 



PERIARTERITIS NODOSA SIMULATING AN 
ACUTE ABDOMINAL CONDITION 
REQUIRING OPERATION 

PHILIP D ALLEN, MD 

NEW \ORK 

Periarteritis nodosa w as fii st accurately described by Kussmaul and 
Maier ^ in 1866 Since that time, many detailed case repoits have 
appealed m journals devoted to pathology or to internal medicine The 
frequency with which this disease simulates acute conditions requiring 
surgical tieatment justifies its emphasis in the surgical liteiatme 

Periarteritis nodosa oi, better, polyarteritis nodosa, is primaiilj a 
disease process involving the walls of blood vessels The lesions stait 
ivith edema and subsequent necrosis in the media of the vessel ivall The 
process ultimately evtcnds to the intima, with reactive cellulai prolif ela- 
tion ivhich frequently produces endothelial injury and thiombus forma- 
tion There is also an adventitial infiltration of polynioi phonucleai 
leukocytes, often accompanied by eosinophils The healing piocess with 
the laying down of connective tissue results m the formation of a nodule 
involving the vessel wall, lack of repair, mural degeneiation and necrosis 
with destruction of elastic fibers may terminate in aneur)'sm foimation 
Nodule formation may also be due to a prominent cellular infiltrate 
ivithout fibrous tissue proliferation, as was seen in a number of the 
involved vessels m the case reported here There is often observed in 
the vicinity of the cellulai infiltrate and necrosis a fibroblastic piolifeia- 
tive intimal response These lesions have a distinct predilection for the 
arterial side of the circulation, although involvement of renous walls 
has occasionally been observed The medium-sized and smaller arteries 
are pi edommantly the site of the lesions In the cases reported m the 
liteiature, the vessels of the lungs, central nervous sjstem and bones 
seem to be infrequently affected, rvhile the renal arteries are almost 
invariably involved 

REPORT or A CASE 

W W , a small white man, was admitted to the medical sen ice of the 
Knickerbocker Hospital on April 29 1939 The past histori was irreleiant except 
for gonorrheal urethritis in 1932 This had been treated and cured The present 

1 Kussmaul, A , and klaier R Ucbcr eine bishcr nicht beschriebene eigen- 
thunihche Arterienerkrankung (Periarteritis nodosa), die mit Morbus Brightii und 
rapid fortschrcitender allgemeincr iluskcllahmung einhergeht, Deutsches Arch f 
khn Med I 4S4, 1S66 
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illness started si\ weeks prior to the patient’s admission to the hospital, when 
there ^\as a sudden onset of severe pain in the back This was followed m a 
few daj's by cloudiness of the urine Within two days the pain radiated into both 
flanks and the upper part of the abdomen, and a few days later it progressed 
to the lower part of the abdomen and into the testicles The patient was consti 
pated at that time and took castor oil, after which there was a verj dark stool 
Pie MSited the outpatient department of another hospital and vas told he had an 
ulcer of the stomach, although no roentgen or laboratorj studies were mad" 
Medicine was prescribed, and immediate! j after taking it he began to lomit 
Three weeks before admission he stated that the pain had left the lower part 
01 the abdomen and localized iii the right upper quadrant He then began to 
have daily chills, after w'hicli he felt feverish He continued to \omit frequentli 
and lost 30 pounds (13 6 Kg) in the siv weeks prior to admission An increase m 
severity of the pain in the right upper quadrant caused him to seek care in the 
hospital 

The patient appeared chronically and acutelj ill The positne findings were 
limited to the abdomen and back There w'as tenderness throughout the abdomen, 

most maiked m the right upper quadrant, and in this area there were muscle 

spasm and rebound tenderness There was tenderness in both costo\ ertebral angle', 
more marked on the right side Tenderness on pressure was elicited oier the 

low’er border of the Iner, wdiich was about 1 inch (2 5 cm) below' the costal 

margin The knee jerks were exaggerated, and the low'er abdominal reflexes 
could not be obtained The temperature w'as 101 F on admission and ranged 
irregularly betw'een 100 and 102 F The blood pressure in millimeters of mercun 
was 102 systolic and 78 diastolic The pulse rate w'as 90 per mmute The 
erythrocyte count was 3,850,000 per cubic millimeter of blood, w'lth /6 per cent 
hemoglobin The leukocyte count was 18,000 per cubic millimeter, with 96 per cent 
polymorphonuclear leukocytes The Wassermann reaction of the blood was negative 
The value for nonprotein nitrogen W'as 27 mg per hundred cubic centimeter 
Repeated urinalyses revealed no abnormahtv The benzidine reaction for bloo m 


the stool was 4 plus Five days later this reaction w’as negative 

The patient was seen by members of the medical and surgical staff, and 
diagnoses considered included right perinephric abscess, appendical abscess an 
cholecystitis Forty-eight hours after admission, the rigiditv of the right nppe^ 
quadrant became boardlike, and one of the surgeons felt that he was cam,, 
with a penetrating peptic ulcer During the next week the rigidity of , 

upper quadrant persisted, and nine days after admission the abdomen was 
At operation numerous adhesions were found between the omentum a 
anterior abdominal wall There were a normal-appearing appendix and a mar 
thickened gallbladder about one and a half times the normal size, 
by a few adhesions The stomach appeared normal A cholecystectomj 
appendectomy were performed, and material for biopsj was removed 
liver The true diagnosis was made on microscopic examination of the spcci 
the lesions being found in the arteries of the gallbladder, appendix an 
(figs 1 and 2) The arterial walls show'ed cellular infiltration of co 
leticulum cells and a few polymorphonuclear leukocytes No eosinop 
seen This infiltration involved the entire wall of the artery and exten 
the perivascular tissue Some vessels showed areas of fibrous rep uj 

their v'aiious layers No aneurysms were encountered The vascular 
the liver were within the portal fields and were confined chiefly to 
In this viscus the penadv'entitial infiltration frequentlj exceeded that vvi 
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\essel wall In one area of the luer an adjacent \enule in the poital field i\as 
found to be involved Evidence of subacute perihepatitis was noted The wall 
ot the gallbladder showed evidence of reacts e acute and chronic inflammation, 
evidently the sequel of the vascular lesions Postoperatively, the patient made a 
remarkably uneventful convalescence In spite of transfusions the erythrocjte 
count and the hemoglobin concentration remained low, and the leukocyte count 
averaged about 12,000 per cubic millimeter, with 80 per cent polymorphonuclear 
kukocvtes Numerous differential studies of the blood smears revealed from 
2 to 6 per cent eosinophils Repeated cliemical studies of the blood showed 



Fig 3 — Heart Note the increased prominence and nodular thickeniOo 
branches of the coronary arteries, the pericardial scars and the multiple ^ 

hemorrhages The central zone of pericardial thickening indicates the site 
myocardial infaict 


values within the normal range foi nonprotein nitrogen, uric acid an crea 
The patient was discharged to a convalescent home on May 28 ^ 

He w^as readmitted to the hospital on August 2 At this time he 
picture of chlorotic marasmus, a most descriptive term used by Russ 
Maier i to describe this condition He was emaciated, had a pinche a 
sallow with an icteric tinge and was markedly dehydrated 
amounts w^as required to control the pain in his back and abdomen 
examination at this time revealed pronounced secondary^ anemia, a 



ALLEN— PERIARTERITIS NODOSA 


27S 


nonprotein nitrogen of 98 and an icteric indc'v of 61 The urine ga%e a 3 plus 
reaction for albumin It contained a few hyaline casts, many white blood cells 
and a few red blood cells Tne blood pressure rose to 154 systolic and 110 diastolic 
The jaundice rapidly increased, and bilateral parotitis dei eloped He died on 
October 10, seven months after the onset of sj'mptoms 

At necropsy there were observed multiple infarcts of the kidnejs and liver 
There were recent and old ulcers of the gastrointestinal tract, the jejunum pre- 
senting a penetrating ulcer with localized acute fibrinous peritonitis The large 
intestine disclosed an acute and subacute hemorrhagic t>pe of ulcerative colitis 
incident to the V'ascular abnormalities The heart was hypertrophied and dilated 
and presented many recent as well as old mj'ocardial infarcts, a lecent infarct of 
the w'all of the right auricle, acute diffuse hemorrhagic pericarditis and mural 
thrombosis of the left auricular and ventricular chambers Tliere were multiple 
recent emboli in the branches of the pulmonary arteries, with infarction of the 
parenchyma of the lung The adrenal glands and testicles presented evidence of 
lecent hemorrhage The characteristic lesions of periarteritis nodosa were demon- 
strated in the coronary, gastrointestinal, mesenteric, renal and hepatic arteries 
(fig 3) 

COMMENT 

In the pre-Wasseunann era this disease process tvas thought to be 
syphilitic in origin, most likely because of the tendency to aneurysm 
formation Patients whose cases have been reported since that time, 
however, have shown no higher percentage of positive Wassermann 
reactions than have a similar group unaffected by this disease Recent 
or prodromal infections the convalescence of which seems to meige with 
the onset of this disease have been lepoited in more than half the cases 
In Spiegel’s ® report on 17 patients, 7 had prodromal infections imme- 
diately preceding the onset of sj’-mptoms, and 2 had had preceding 
atypical scarlet fever within two months The hemolytic streptococcus is 
the organism most frequently associated with the piodromal infection 
The disease has been known to occur at all ages from infancy to 
senescence More than 50 per cent of the patients, howev ei , are in the 
age group betw een 20 and 40 Males are more frequently affected , there 
weie 4 males to 1 female in GrubeTs ^ senes of 113 patients 

The disease is typicall}'^ chronic and progi essn e, lasting a few w eeks 
01 at most a few months The symptoms are amazingly v ariegated and 
fleeting, the first ones being ref ei able to the svstem oi viscera whose 
aitenes are first affected Fiequenth, one set of s}mptoms may 
improve or entirely subside as the lesions in the vessels heal and their 
lumens recanalize or as collateral circulation develops, onlv to be fol- 
lowed 01 overlapped by an entirely new symptom complex In many 
cases an eironeous diagnosis of “surgical abdomen” is made Sev'en of 

2 Spiegel, R Chnicvl Aspects cf Periarteritis Xodosa \rcb Int Med 
58 093 (Dec) 1936 

3 Gruber G B Zur Prage dcr Periarteritis nodo=n \ircliow‘; \rcli i patii 
\int 258 441 1923 
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Spiegel’s - patients were ti eated with celiotomy, the diagnosis of appen 
dicitis having been made pi eopei ativel)’’ in 5 instances When the 
visceia of the uppei pait of the abdomen are involved, a diagnosis of 
cholecystitis oi pancreatitis is often made Singei reported the cases 
of 2 patients, 1 of whom was subjected to cholecystectomy, while the 
othei escaped the same operation because of unexplained delirium 
Penetiating ulcers of the intestinal tract lesulting from infarction ot 
the wall of the intestine aie common The earl)'^ and almost constant 
involvement of the lenal aiteiies causes pain m the back radiating into 
the flanks and abdomen This phenomenon is well demonstrated in the 
piesent case Eailiei repoits indicated that this disease always resulted 
fatally, most likely because it \\as usually reported by the pathologists 
The more recent liteiatuie indicates that in about 10 per cent of cases 
the patient may lecoiei oi the disease become arrested for long period'^ 

SUMM \R\ 

A case is lepoited m ^\hlch the patient was operated on for a pene 
tiating peptic ulcer, the exploration leveahng no evidence of ulcer but an 
apparently chronic cholecystitis A cholecystectomy and an appendec- 
tomy were performed, and material foi biopsy was removed from the 
liver Pathologic examination of the specimens revealed the changes 
in the gallbladder to be due to a disease of the blood vessels supplying it 
namely, periarteritis nodosa The outstanding clinical and pathologic 
features of the disease aie discussed Emphasis is placed on the fre 
quenc}' with which periarteritis nodosa is incorrectly diagnosed as a 
lesion requiring surgical intervention 

116 East Fifty-Eighth Street 

4 Singer, H Periarteritis Nodosa, with Special Reference to the Acute 
Abdominal Manifestations Report of Two Cases, Aich Int Med 39 865 (June) 
1927 



PERIPHERAL VASOSPASM FROM TOBACCO 


C A MOYER, MD 

AND 

W G MADDOCK, MD 

ANN ARBOR, MICH 

Tobacco, regal diess of its form or the mannei in which it is used, 
produces peripheral vasospasm 

The earliest use of tobacco and toxicologically allied plants by man 
antedates written lecords Its introduction to Europe was concomitant 
with Columbus’ second A' 05 'age to America, and the ecclesiastic Fia 
Romano Pane is credited with the act He was the first to describe the 
effects of smoking the plant These, as he observed them, weie a 
quieting influence, the production of pleasant dreams and the tiansport 
of the smoker to another world He also lecogmzed the vaiiation in 
strength of different tobaccos 

Little was known concerning the piinciples lesponsible foi the 
general effects of using tobacco until its chief alkaloid, nicotine was 
isolated by Posselt and Reimann at Heidelbeig, Geimany, in 1828 This 
discovery may be considered the basis foi most of the subsequent experi- 
mental work on tobacco, and the phaimacologic and toxicologic charactei 
of the plant is, for practical purposes, solely that of nicotine ^ The fact 
that the leaf is smoked, however, introduces the possibility that inter- 
mediary products of combustion are m part lesponsible foi the physio- 
logic changes associated with the act 

Tobacco smoke has been shown by Lee - and latei bv Dixon “ to 
contain as its mam constituents nicotine, pyridine bases, carbon monoxide 
and ammonia, in addition, traces of cyanides and sulfoci anates are 
found The substances readily absorbed by the body are nicotine and 
carbon monoxide, and they aie therefoie the only elements capable of 
producing general physiologic effects The others are of mteiest solely 

From the Department of Surgerj, UnnersiU of Michigan 

Aided bj a grant from the James and Elizabeth Inglis Fund for Surgeri 
Research 

1 Cushm, \ R A Text-Book of Pharmacolog\ and Therapeutics, Phila- 
delphia, Lea S. Febiger, 1936, p 464 Sollmann, T H A Manual of Pharma- 

and Its Applications to Therapeutics and Toxicologt, ed 3, Philadelphia 
W B Saunders Compani, 1926, p 406 

2 Lee, E Quart T Exper Plnsiol 1 35, 190S 

3 Dixon, \V E Bnt M T 2 719 1927 
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because of their local irritative piopensities and are held responsible for 
the conjunctivitis, moining cough and irritation of the mouth and tongue 
frequently experienced by heavy smokers and by frequenters of smoke 
filled rooms 

The amount of carbon monoxide m tobacco smoke in general vanes 
diiectly with the diameter of the smoking surface and the moisture 
present Baumbeiger^ stated that as cigaret smoke reaches the mouth 
it may contain as much as 7 2 to 25 parts of carbon monoxide in 10,000 
pai ts of air Theoretically, with continuous smoking of cigarets for one 
houi at five puffs pei minute, the blood of the smoker might be 22 per 
cent saturated with carbon monoxide Practically, however, Ruhl and 
Lin ® found that the highest point of saturation of the blood actually 
leached in inhalers is between 1 and 2 volumes per cent, the average 
being but 0 52 volumes pei cent This degree of saturation cannot be of 
phy^siologic significance except at very high altitudes Thus, any general 
physiologic effect that is consistently obsen^ed to be associated with the 
use of tobacco can, with only slight reservation, be ascribed to nicotine 
The nicotine actually absorbed in smoking or chewing vanes with the 
vaiiety of tobacco used *' The foim in which the tobacco is smoked also 
detei mines the amount of nicotine available for absorption, the largest 
amounts per unit of weight being obtained from cigars and pipes and 
the smallest from cigarets This result rs due to the more nearly com 
plete combustion of the nicotine in the cigaret Also, the drier the 
tobacco smoked, the better the combustion and the smaller the 
content of the smoke Baumbeigei * found that on an average 0 
per cent of the cigaret by weight appears as nicotine in the smoke Since 
the weight of a cigaret is approximately 1 Gm , about 3 878 mg of tic 
alkaloid is taken into the oronasal and i espiratory passages , the amoun 
actually absorbed, however , Baumberger concluded, is less, since 
tion IS not complete and only 66 7 per cent, or 2 52 mg , is ^ 

by a noninhalei and 88 2 per cent, or 3 33 mg , by an inhaler Ma o 
and Collei found that 1 mg constitutes an adequate stimulus w e 
administered intravenously to the human subject . 

There can be little doubt, therefore, that the smoking of one 
provides an amount of nicotine sufficient to account for the vas 
reactions to be ascribed to tobacco Certain experimental contios 
be descnbed as proof positive of this contention 

<14 02 3nd d/, 

4 Baumberger, J P J Pharmacol & Exper Therap 21 

1923 

5 Ruhl, A , and Lin, P Deutsche med Wchnschr 62 493, 1936 jp(,era! 

6 Wright, I S, and Moffat, D Effects of Tobacco on 
Vascular System Further Studies, JAMA 103 318 (Aug 4) 

7 Maddock, W G , and Coller, F A Ann Surg 98 70, 1933 
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Voluminous studies by many woikeis on the pharmacology of 
nicotine have shown that it is very complicated The drug has thiee 
sites of action, namely, the cential nervous system, all the ganglions of 
the autonomic neivous system (thoiacolumbar and craniosacral) and the 
nerve ends of voluntary muscle, at which it pioduces primary stimulation 
followed by paralysis The amount of the drug needed to produce the 
latter effect is laige and is not obtained by smoking The vascular 
reaction may be elicited by action of the drug on the vasomotor center 
as well as on the ganglions of the sympathetic and parasympathetic 
nervous systems Vasomotor reactions to smoking may, in general, be 
considered the result of stimulation of the cells of the central and of 
the sympathetic nervous system Euziere and his associates ® suggested 
an additional mechanism of action that of sensitization of sympathetic 
reflex mechanisms to adequate stimuli 

Actual experimental woik on the effect of smoking on the peripheral 
vascular reactions of man was begun by Biuce and his associates® in 
1909, when they demonstrated the peripheral vasoconstrictor action of 
tobacco by means of the plethysmograph Simici and Mai cu and 
also Ralh and Oppenheimer later carried out the same sort of studies 
No publication, however, made reference to this important work m a 
consideration of the apparent i elation of tobacco and thromboangiitis 
obliterans until that of Haddock and Coller " in 1933 Experimental 
Moik by them with cutaneous tempeiatuies used to show the peripheral 
vasoconstrictor effect of tobacco, although it did not demonstrate an} 
casual relation between tobacco and thromboangiitis obliterans, firmK 
established the impoi tant therapeutic principle that no tobacco should be 
allowed persons with this disease This principle had been previous!} 
laid down independently by Buerger,’^® Silbert and Samuels on the 
basis of clinical observations 

8 Euziere, J , Castagne, R , Lafon, R , and BenSdittini, A T Bull Acad de 
med, Pans 116 615, 1936 

9 Bruce, J W , Miller, J, and Hooker, D Am J Ph^slol 24 104 1909 

10 Simici, D , and Marcu, Q J de pin siol et de path gen 25 57 1927 

11 Ralh, E P, and Oppenheimer, B S Proc Soc Exper Biol S. Med 
26 9, 1928 

12 Buerger, L The Circulatory Disturbances of the Extremities, Philadelphia 
A B Saunders Compam, 1924 

13 Silbert, S Thrombo-Angiitis Obliterans (Buerger) Results oi Treat- 
ment vith Repeated Injections of H\pertonic Salt Solution J A. M ^ 94 1730 
(Vn 31) 1930 

14 Samuels S S Treatment of Gangrene Due to Thrombo \tu'iiti 
Obliterans, J A if A 96 751 (March 7) lOof 
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The expel imental findings of Maddock and Coller ' have since been 
substantiated and extended by Barker, Wright and Moffat' and 
Lampson m the United States and b}" Euziere abroad 

The experimental work leported in this paper was performed at the 
University of Michigan Hospital The effect of smoking on the vascular 
S}Stem of normal subjects was first investigated Environmental factors 
were well controlled, the room temperature being maintained between 
25 and 28 C in order to make sure that peripheral vasospasm was not 
present to any great degree at the beginning of the experiment An 
electric fan, running at low speed, provided a constant circulation of 
air Psj'chic stimuli were eliminated as well as possible by insistence 
on quiet and recumbenc}'^ of the subject for one hour prior to am 
observations 


Determinations of cutaneous temperature with the (Tycos derma- 
therm) of the palmar surfaces of the fingers and the plantar surfaces 
of the toes and pressure and pulse readings were made at intervals of 
five minutes throughout the experiment Tobacco was withheld for 
a sufficient period to establish the fact that an essentially steady state 
existed The subject was then given his usual form of tobacco to 
smoke in his usual mannei Observations were continued after com 


pletion of the act of smoking until definite recovery had ensued Tweiitj 
subjects including both “light” and “heavy” smokers, were observed 
In all cases a progressive decrease in cutaneous temperature of the 
extremities and an increase in blood pressure and pulse rate occurred 
shortly after the beginning of smoking and persisted after cessation 
For some subjects oral and truncal temperatures were recorded, these 
showed no change The recovery period was of varying length m 
different instances , in none was it less than five oi more than se^ent^ 
minutes Interestingly, it ivas found that the temperature of the fingers 
returned to normal more rapidl}'^ than did that of the toes, the ' e 
ence being as much as three minutes in some cases When a sec 
cigaret was smoked after recovery, the changes just described 
111 parallel degree Chart 1 illustrates graphically a typical result 
extent of the reaction and the time necessaiy for recording are appar^^^ 
No significant consistent variation in the responses of “heavy an 


of “light” smokers could be established 

It was recognized during these experiments that factors other 
nicotine might have been responsible for the phenomena noted The p 
sibility that the altered rate, rhjlhm and depth of breathing mci 
smoking might produce the changes v as first investigated The su 


15 Barker, N W Proc Staff Meet, Ma\o Clin 6 65, 1931 Smot 

16 Lampson, R S Quantitative Studv of Vasoconstriction Induced b' 
mg, J ^ M A. 104 1963 fjune 1) 1935 
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was given a small papei tube oi an empty pipe and instiucted to cam 
out smoking movements, simulating as nearly as possible actual smok- 
ing Negligible changes in pulse rate, blood pressuie and cutaneous 
temperature occuried Mulmos and Shulman have since lepoited 
peripheral vasoconstriction in the hand associated with deep breathing 
but we feel that this played no lole in the experiments cited heie The 
possibility that caibon monoxide oi othei pioducts of incomplete com- 
bustion of organic matter might have played a pai t was ruled out u hen 
no vascular response could be elicited b}'’ smoking cubeb cigaiets W light 
and Moffat “ have made the same observation, using ashless filtei papei 
cigarets 

A third group of contiol experiments was conducted, in mIiicIi the 
smoke was first passed through two water bottles oi through a la}er 


°c 
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68 68 68 76 74 70 76 76 70 70 PRESSURE 

Chart 1 — Effect of tobacco on the cutaneous temperature of a normal subject 

of cotton impregnated with ferric chloride, both of w Inch act as filters 
The same cardiovascular changes occuried, but to a lessei degiee 

Two cases of unquestionable thromboangiitis obliterans weie then 
investigated In both there was maiked reduction of the cutaneous 
temperature of the toes when a cigaret was smoked In 1 case illus- 
trated m chart 2, there uas a marked difference m clinical signs of 
\ascular deficiency between the two legs, the left liaMiig oni\ feeble 
pedal and popliteal pulses and the right hai mg a fair arterial thrust in 
the corresponding locations, nevei tlieless, there was a definite drop in 
the temperature of the foot with the far adianced arterial cliange 
Lampson has \erified these findings A similar response to smoking 
has been described hr Blotner m the case of a \ oung nnn w ith 

17 Mubno';, M G, and Shulman I -Vm J Pln^io! 125 110 

18 Blolncr H Vnn Int Med 9 9S7 1916 
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diabetes and arteriosclerotic gangrene, the diagnosis being subsequently 
verified pathologically One cannot assume, therefore, if clinically the 
great vessels are sclerotic, that the arterioles and capillaries are incapable 
of vasomotor changes, thus, as will be reiterated, tobacco is harmful 
to all persons with peripheral vascular deficiency without regard to age 
01 to the status of the large vessels 

Fairly direct proof that nicotine absorbed in the act of smoking is 
the principle activating the vasospastic response was obtained by a 
fourth series of experiments, m which nicotine was administered intra 
venously In a small group, nicotine hydrochloride given orally in doses 
of 1 mg in 30 cc of watei, repeated every'’ ten minutes for one hour, 
failed to produce any toxic effects No cardiovascular response i\as 
noted It was therefore deemed safe to administer intravenously 1 mg 



100 96 96 no no no [oo 122 blood pressure 

55 56 66 TO 70 65 64 60 

Chart 2 — Effect of tobacco on the cutaneous temperature of a subject iw 
thromboangiitis obliterans 


in the form of the tartiate or alkaloid A solution was made upi 
1 cc of saline solution containing 0 1 mg of the drug The 
reactions incident to pain and psychic stimulation associated with nee 
Img of the vein were obviated by adding a two way valve to the nee ^ 
attachment of the buret Ringer’s solution was given slowly ’ 
steady state had been reached, then 10 cc of saline solution 
injected, without response, and was followed by Ringer’s solution, i' 
in turn was followed by the sahne-nicotine solution Ringer s s 
was thereafter administered to the end of the observation period 
3 fully illustrates the cardiovasculai response obtained in this 
There occurred, to a remarkably comparable degree, all the c a 


noted with the smoking of one cigaret . jp 

The failure of large doses of nicotine administered by 
induce vascular responses can be explained only on the assu 



MOYER-M 4DD0CK— PERIPHERAL LASOSP 4SM 


283 


that in no given interval was there present m the geneial circulation 
an amount of alkaloid sufficient to constitute a threshold stimulus, and 
this may be either partly or largely due to relative slowness of absoi-p- 
tion by the gastrointestinal tract 

The question may well aiise how an amount sufficient foi a thieshold 
stimulus can be absorbed by the mucous membranes of the mouth of a 
noninhaler, since the surface area and absorptive powers of the mucous 
membianes of the mouth are less than those of the gastrointestinal 
tiact proper The answer may be that the nicotine in smoke, being m 
a finely divided state, is fai moie easily assimilable than that m actual 
solution in watei An alternative explanation previously advanced, 
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Chart 3 — Effect of lntra^enousb administered nicotine on the cutaneous 
temperature of a normal subject 

based on the woik of Biebl and his associates,^® is that when absoibed 
fiom the mam gastrointestinal tract the substance is detoxified b\ the 
luer before it reaches the general circulation Howeter, recentl} Hel- 
mei and his associates®® ha\e succeeded in isolating nicotine fiom the 
mine of smokeis m consideiable amounts, the drug being present thice 
to four days after the last smoke Thus, not all the nicotine ingested 
could be so lapidlv detoxified when guen ba mouth as to constitute 
the sole reason for the lack of response 

Ihe fact that tobacco, by Mituc of its nicotine content, produces 
peiipheial \asospasm has thus been firmh established This iaso«pasm 

19 Bicbl, M Ev<;cn H E md Minn E C \m I Plnsiol 100 167 10", 2 

20 Hclnier O KohPticdt K G ind Picje I H \m Hurt I 17 1^ 

into 
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IS associated AMth a deci eased Aolume Aoaa, as has been shoAAn h the 
direct experiments of Lampson/® Wright and Moffat® and Euziere 
The action in man is evident^ mediated through the s\inpathetic 
neivous system, as has been shown by Maddock and his associates 
Expei iments conducted on a person on whom a cervicodorsal ramisection 
and ganglionectomy and a lumbar ganglionectom}’’ for Ra)maud’s disease 
had been pei foimed, abolishing the “s} mpathetic nerrous control ’ to the 
extremities, showed the usual responses of the blood pressure and pulse to 
smoking, without an} changes in cutaneous temperature of the extremi 
ties Posteiioi tibial nerr^e block also prevented the rasospastic respon'^e 
in the temporal ily eneivated extiemities of normal subjects, pronng 
that the action is not peiipheral Whether or not the vasomotor center 
and the peiipheial sympathetic ganglions are differentially stimulated in 
man has not been determined 

The lole which the use of tobacco pla}S m the origin and clinical 
couise of the peripheial vascular deficiencies may now be brief!) con 
sidered Tobacco has been indicted by many as the inciting cause of 
thromboangiitis obliterans, without actual proof Erb and later Sil 
beit^® maintained that it is lesponsible Silbert stated that there had 
been, as far as he knew, no fully authenticated case of Buerger’s disease 
in a nonsmokei In OAcr 1,000 cases which he observed there was not 
1 patient who did not smoke As to the effect of smoking on the 
couise of the disease, it is general knowledge that continued smoking 
IS associated with progressive circulatoi) deficiency in spite of the 
application of all knoAvn medical aids Silbert stated that he had neAcr 
seen a recuirence of the disease once it had been ai rested by treatment 
unless the patient lesumed smoking 

The manner in which tobacco is capable of inducing the pathologic 
process, if it actually is able to do so, is not known IMuch work lia‘= 
been done on sensitization to tobacco in an attempt to soh^e tlie problem 

Haikar^y and his associates-^ and Sulzbeiger and Feit'^ have gone 
into the pioblem extensively They concluded that a large percentaoC 
of persons suffenng from Buerger’s disease belong to the catego^ 
allergic persons and that the allerg}' is manifest to tobacco" 
beiger and Feit stated that thromboangiitis obliterans must be a-S 
fied as “a condition usually associated with a specific and 
hypersensitivity of the rmsculai apparatus of the skin to tobacco, but aa i 
out any demonstiable connection with asthma” Nicotine-free ev 
gave the i eactions, AA'hereas nicotine itself did not giA'e a single unequiA 

21 Erb, W Munchen med Wchnschr 51 905, 1904 

22 Harkavy, J , Hebald, S , and Silbert, S Proc Soc Exper Biol 
30 104, 1932 

23 Sulzberger, M B , and Feit, E J Immunol 24 425, 1933 
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reaction Maddock and his associates,"* could not demonstrate an} 
parallelism between the hypersensitiveness to tobacco extracts and 
the degree of vascular response to smoking The question whether 
sensitization to tobacco is the prime factor in the causation of throm- 
boangiitis obliterans is still open 

The possibility that chronic vasospasm incident to the use of tobacco 
for long periods may in itself be highh important etiologically has 
likewise been neither proA'ed nor disappioved It is known, however, 
that drugs unallied m structuie to nicotine, namely, eigot-^ and pos- 
terior pituitary,-® are capable of producing peiipheral gangiene, thus it 
IS conceivable that nicotine may occasional!}' do likewise It is also 
possible that chionic vasospasm may simply be a strong contributing 
factor to the pathologic piocess which is maintained by some to be 
due to specific endarteritis This may well repiesent the actual lole of 
tobacco in the causation of thromboangiitis obhteians 

Whether or not an actual causal relation between tobacco and 
thromboangiitis obhteians can ever be established, it is an absolute 
necessity in the management of this disease to avoid the use of tobacco 
completely The primar} aim m the therapy of any acute peripheral 
vascular deficiency is to maintain a lolume flow of blood sufficient to 
support metabolic processes in the diseased member until a collateral 
circulation can be sufficiently established to peimit useful function 
Obviously any drug as active as nicotine m producing a decreased blood 
flow in the extremities must be assiduously aA'oided, or treatment is 
useless One might well say “Your legs or your cigarets” and refuse 
to treat any patient with thromboangiitis obliterans who continues to 
smoke For the elderly peison with arteriosclerotic peiipheral vasculai 
deficiency it is often difficult to stop smoking entireh , but it is desirable 
to reduce the use of tobacco as much as possible 

The use of patented filteis and the so-called denicotmized cigarets 
must hkevise be prohibited, as there is at present voluminous proof 
that the filteiing and denicotinizing processes are not adequate to pre- 
\ cut tlie A asospasm associated v ith smoking 

2-1 Maddock, W G , Malcolm, R L , and Coller F \ Am Heart T 12 
46, 1936 

25 Tiblon':, B Internal Chn 3 193, 1925 

26 HoFclau, F M, and Booth, T A Arch Pediat 42 64 1925 

27 Scc;al, H L Am T M Sc 196 851 1938 M nglit and Moffat Maddock 
and Coller ' Lamp'on i® 



SURGICAL INTERVENTION ON THE SYMPATHETIC 
NERVOUS SYSTEM FOR PERIPHERAL 
VASCULAR DISEASE 


R H SMITHWICIC, MD 

BOSTON 

Since the woik of Royle and that of Hunter ^ on the relation between 
the sympathetic nervous system and spastic paralysis, it has become 
obvious that a striking and persistent increase in blood flow follo\\^ 
interruption of S3nnpathetic pathwajs to the extremities Although 
pievious attempts to increase peripheral blood flow by periarterial 
sympathectoni}' - had been followed by transient improvement, lumbar 
1 amisectomy as practiced by Royle “ and by Hunter ^ resulted in a more 
pi olonged effect This observation was the stimulus for extensive stud) 
of the relation between the sympathetic nei vous system and the peripheral 
circulation Duiiiig the past fifteen years much has been learned about 
the anatomy and physiology of the sympathetic nervous sj stem '' Clm 
ical application of this knowledge to the treatment of various peripheral 
vascular disoideis now appears to be well established 


FUNDAMENTAL PRINCIPLES 

Out of the tremendous amount of clinical and experimental evidence 
collected in the past decade has emerged the fact that certain funda 
mental piinciples must be observed in order to get the best cim 
results Fust, it seems clear that an operation to be successful niut 


From the Surgical Services and the Clinic for Peripheral Vascular Disf 
of the Massachusetts General Hospital 

1 Hunter, J I The Influence of the Sympathetic Nervous 5 , 

Genesis of the Rigidih of Striated Muscle in Spastic Paral)Sis, Surg, 

Obst 39 721, 1924 

2 Leriche, R De I’elongation et de la section des nerfs 
certains syndromes douloureux d’ engine artenelle et dans quelques 
trophiques, Lyon chir 10 378, 1913 

3 Royle, N D A New Operative Procedure in the Treatment of 
Paralysis and Its Experimental Basis, M J Australia 1 77, 1924 

4 White, J C The Autonomic Nervous System, New York, The 

Company, 1935 Cask, G E , and Ross, J P The Surgery of the ^ 

Nervous System, Baltimore, William Wood & Company, 1934 

The Clinical Aspects of Visceral Neurologjq Springfield, 111 , Char es 
Publisher, 1935 
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be thorough m its interruption of sympathetic motor fibers to the part 
m question Second, an operation on the s3TOpathetic neivous system 
must interrupt either pieganghomc or postganglionic pathways or a 
combination of the two The best results have been obtained by inter- 
luption, as far as possible, of preganglionic fibers only In the third 
place, time has demonstrated conclusively the tremendous regenerative 
power of interrupted sympathetic nerves In order to give satisfactory 
late results, an operation must be done in such a way as to eliminate 
01 minimize the possibility of regeneration Space does not permit a 
summary of the evidence at hand, but adequate reference is made to 
ai tides dealing with these matters ® 

CASES IN WHICH S\ MPATHECTOMY IS INDICATED 

If 111 a given case impaiied blood flow to the extiemity is entirel) 
a question of vascular spasm, as in the early stages of Raynaud’s dis- 
ease, sympathectomy will yield its most brilliant result By contrast, 
if the vascular insufficiency is the result of chronic obliterative vasculai 
disease, as in advanced arterioscleiosis with associated diabetes, sympa- 
thectomy will not be helpful Many patients however, suffer from a 
lesion which is both obliterative and vasospastic, in which case sympa- 
thectomy may be helpful Thromboangiitis obliterans is representative 
of such a lesion 

Although the primary effect of sympathectomy is piobably largely 
tlie lesult of vasomotor paralysis, anothei factor must be considered 
Sympathectomy lesults in sudomotor paralysis in addition to vasomotor 
paralysis A portion of the effect on the periphery is therefore due 
to inactivation of the sweat glands 

It becomes cleai, then, that studies which enable one to evaluate 
tlie vasomotor and sudomotor components m a gu en case are of primary 
importance By then use one can best pi edict the effect of operation 

5 (c) Elliott, T R The Action of Adrenaline, J Ph>siol 32 401, 1905 
(b) Cannon, W B, and Undil, J E Studies on the Conditions of ActniU in 
Endocrine Glands VIII Some Effects on the Dener\ated Heart of Stimulating 
the Ncries of the Lner, \m T Ph>siol 58 353, 1921 (c) Cannon, W B, and 
Rosenblueth, A Studies on Conditions of ^ctuiti in Endocrine Organs XXIX 
SMiipathin E and S\nipathin I ibid 104 557, 1933 (rf) Freeman, N E , Smith- 
w ick R H , and White J C ■Adrenal Secretion in Man The Reactions of 
the Blood Vessels of the Human Extremits, Sensitized b\ SMiipathectom' to 
Vdreinhn and to Ydrenal Secretion Resulting from Insulin Hipoghcemia ibid 
107 529 1934 (c) SnnthwicK, R H , Freeman X E, and White T C Effect 
of Epinephrine on the S\ mpathcctoniized Human Evtremiti An Additiornl 
Cause of Failure of Operations for Ra\n'iud’s Disease, Arch Surg 29 759 (Xo% ) 
1934 (/) Ascroft, P B The Ba«is of Treatment of Vasospastic States oi the 
1 Ntrcmilics An Experimental Anah sis m Afonkci s Bnt T Surg 24 787 1937 
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Such tests are also important in e'mluating tlie result of operauca t 
regard to both completeness and pemianence Those more useiul an. 
most commonly emplo}ed mill be considered, 

COXD1TIOX5 FO^ STUDY 

Tne relation ben\een the surface temperature of an extreiiLiy am 
the room temperature is important Cold is a great snmulus to tert-- 
eral rasoconstnction Pain and emotion ma} also be unlized. 1- 
clianges in temperature are better controlled Tl'e opnmimi 'mn 
temperature for use m chiucal Siudies is appmximareb 6S F T:_ 
shoula be relani el} constant during the penod of obserranon are *<■' 
this reason a constant temperature room with controlled hunm-T 
IS desirable It -s not howeier absolute!} essential IMuch oi ciiam 
value can be learned wntliout m 

It IS characteristic of a lasospasnc disorder tliat d'e Suriace tut- 
peratt re of a finger tip or a toe np wnU be shghtl} lower fiian the rcc - 
temperature if suinaent time is allowed for adiusnnent to take p-tcc. 
AMien obhteranve vascular disease predommates tlie extremin d ■= 
nou as a ru^e cool quite to room temperature and rarely tails bdovr i- 

^k'hen the surface temperature has become stabilized in relabot ■> 
the room temperature one can utilize a number of indirect nieihodi c 
estimating tne increase m blood fiow After inhibition o: vasocons- -- 
non the resuinng increase of surface temperatu'e under condi-'--^ 
ot constant room temperature can be measured wnth a tljcm oni-t - 
or better by a potennometer mdicator 


WETHODS OF STUDYING 1 VSOMOTOS ACTDTTY 

'\’asocon5tr,cnon can be reflexlv mlubited bv warming tne t-'y"' 

* * ^ ” "X 

or by unmers-on of tl'e opposite extremities in warm wa'er 
consmcnon can also be inhibited dw inducnon oi leier b} inna>‘:^i^- 


miccnon oi lore’en 


protem i_rv-phoid vacane) ' The resulnrig 


6 Lew; ara PicLenrg G \V Vasodilatanon m the LiKS' ’I 
to Vi'amirg the Bcc ivith Eviderce for S^niDathenc asoa'atc' 2^erTc5 
Heart 16*33 193i 

7 Glbom. J H Tr„ ano Lanm;, E H Vascdiiatst-on 
Exiremtres in Response to Imn'ersirg the Fo'earms m W arm 
In-estisaticn 11*1019 1932 

S B" 0 '’‘n, G E Tre Treatment of Pennheral ^ ascniar ^ 
tre Extrem-Ues T M A. S7.379 (Aug 71 1926 Al’em A, 

R, H. L'se of Foreign Protein m the Treatment oi Penn,-- * 
TEseasss Results cf IrtravenCx,s Injecrons of Tynno’d \ accn- D 
(Ocu2n) 1923 
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suiface tcmpeiatuic of the cxlicmity niaUcs it possible to estimate the 
vasomotoi indcv All tlnee of these methods have been used exten- 
sively 

Vasoconstnction can be eliminated also by blocking the eflcicnt 
vasomotoi pathway with piocaiiie hychochloridc This test pci haps 
piovides a bcttei index of the lesiilt to be expected from sympathec- 
tomy, because the sudomotoi pathway is also tcmpoiaiily intciiupted 
Although paiavcitcbial block of the sympathetic supply to the aim 
and leg with piocaine hydiochloiidc is an excellent method, pciiphcral 
neive block is moie piactical, almost as accurate and fai easiei foi 
the average peison to peifoim" 

Ihus, foi the hand the ulnai ncivc is most fiequcnlly blocked at the 
elbow This results in almost maximal vasodilation in the anesthetic 
area Injection of the anesthetic into the median and ladial neivcs as 
well may lesult m a slight fuithci incicase in suiface tcmpcratuie, but 
not enough to make the pioccduie necessary in a routine test 

The foot may be tcmpoiaiily dencivatcd by block of the posteiior 
tibial ncivc at the ankle and the tommon peioncal neivc just below the 
head of the fibula with piocaine hydiochloiidc Injection of the 
anesthetic into the sciatic iienc in the gluteal region may be utilized 
as an alternative method Sjiinal .uiesthcsia is a satisfactoiy but 
slightly moic dangcious method of causing tempoiary inhibition of 
vasoconstnction in the lowci exticmity 

In all of the tests mentioned so fai, the mcicasc m blood flow is 
indiicctly mcasuicd by the use in surface tcmpciatiiie of the tip of 
a fingei oi of a toe In the picscncc of purely v.isospastic disoidcis 
this increase will amount to as much as 25 degrees (F ) If oblitera- 
tive vasculai disease is the pi edominating factoi, there may be little 

01 no use in suiface tcmpeiatuic If a combination of spasm and 
oblitciation exists, changes in tcmpeiatuic of fiom 5 to 15 dcgiees (F ) 
aic commonly seen 

Olhci indiiect methods of estimating increased blood flow after 
inhibition of simpathetic innucncc aic utilized The fingci oi toe 
plcthysmograph is a satisfactoiy and scnsitnc apparatus Hand and 

a Wliitc, T C Dngnostic Blocking of SMiipuhctic Ntnts to I'xtrcniitics 
Mith Procnine, T ^ kt A 94 1382 (kfai 3) 1930, Diagnostic Novociinc Block 
of the Sensors and SsinpallKlic Xcrsis \ Method of Estimating the RcsiiUs 
Winch Can Be Obtained b\ 1 heir Permanent Intcrruiilion, Am J Surg 9 

264, 1030 Morton, T J , and Scott, W J M Methods for Estimating the 

Degree oi SMiiinthctic Vasoconstnction in Peripheral Vascular Disease \'c\\ 
England T Afcd 204 933. imj! 

10 Bolton B Carinichatl E \ , and ^tiiriip G Vasoconstnction Eollowing 
Dcvp Inspiration T Plnsiol SC St, lOSo 
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foot calonmeteis may be used ” Their use is too complicated, howeier, 
for the average clinician 

Changes in blood flow maj also be quantitated b} the hand 
plethysmogi aph By this instrument the Aolume of blood flow per 
minute pei unit of tissue volume ma)^ be measured fairly accurateh 
undei var)ang conditions The method has been described bv Free 
man,^- who has used it eftectwely Much experience is required to ii'e 
and interpiet the results of this test correctly 

The photoelectric cell offers a sensitue method of studiing the 
effect of vasoconstiiction Instead of cooling the extiemit}, one places 
the patient m a vaim atmosphere, which is conducive to i asodilation 
The level of blood flow through a translucent portion of the finger tip i- 
recorded photographically, and the reflex vasoconstiictor response is then 
determined Various stimuli may be used, such as a deep breath, immer 
Sion of the opposite hand in ice water, sudden noise or an unpleasant 
suggestion Many extremities haA^e been tested for me by Finesinger 
both before and after A^anous operative procedures (fig 1) The test 
has proved invaluable not only in estimating the effect of the intact 
sympathetic system on peripheral blood floAv but m testing the coinplel^ 
ness of interruption of the sympathetic nen^e supply by various 
operations 

A study of cutaneous resistance as an index of saa eat gland activit) 
IS helpful in estimating activity of the sympathetic nervous system before 
and after operation (fig 2) The level m ohms is important, but tlie 
reflex response to a stimulus, such as a sudden noise, is eA'en more 
illuminating I have found this test to be one of the most delicate an 
useful of all It is helpful in studying the completeness of sympathec 
tomy and the state of “relapse ” Many records of its use have been 
made for me b)’’ Finesinger,^® Avho has also made observations by tie 

11 Kegerreis, R Calometric Studies of the Extremities H Experinienta 
Apparatus and Procedures, J Clin InA’estigation 3 357, 1927 

12 Freeman, N E The Effect of Temperature on the Rate of 

in the Normal and in the Sympathectomized Hand, Am J Phj'Siol ’ 

1935 

13 Hertzman, A B Photoelectric Plethysmography of Fingers and 

in Man, Proc Soc Exper Biol & Med 37 529-534, 1937, ,i,„e 

tion of Blood Supply of Skin Areas from Photoelectrically Recorde 
Pulse, ibid 38 562-564, 1938 

14 Finesinger, J E , Hensner, A P, and Smithwick, R H ^^j^ieurol 
Studies in Raynaud’s Disease Before and After SA^mpathectomy, Tr Am 

A 65 193, 1939 

15 Landis, C Electrical Phenomena of the Skin (Gah'anic Skin RcsP 
Psychol Bull 29 693, 1932 

16 Finesinger, J E Unpublished data 
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Fig 1 — Blood flow through a translucent portion of the finger tip Variations 
in blood flow are detected by the photoelectric cell, which lies beneath the finger 
tip, through which a beam of light passes A fall in the blood flow level on the 
photograph denotes vasoconstriction, a rise, \asodilatation The individual pulse 
oscillation can be seen on the records, more clearly after sj mpathectoniy The 
characteristic responses to various stimuli are shown After a complete sjmpath- 
ectomy, these are abolished Stimuli were a deep breath, a loud noise, immersion of 
the opposite hand in ice water and an unpleasant suggestion 
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I'lg 2 — I\pical record of cutaneous resistance Dciore operation the le\el 
IS low and aanable and a sharp fall in response to a sudden stimulus is noted 
Opening the door of the room m which the patient la\ or dro])pmg a tin on 
the floor was the stimulus used After a complete s\ mpathectonn the lee el oi 
cutaneous resistance is high and constant and reflex response is abolished It 
should be noted, howceer, that as time goes on there is a slow tall m the 
le\cl ot cutaneous resistance Because the lc\el is not \ariable and reflex response 
IS abolished, it seems most likcK that this nil is eiue to a peri[)heral mechanisni 
uul IS not of central oncin 
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methods of both A^asomotoi and sudomotor reflex lesponses m a stud) 
of normal and of psychotic persons 

All of the foims of study which have been mentioned have been 
utilized m this clinic The simplest and most practical of all is peripheral 
nerve block, my associates and I use this routinely Of the other tests, 
the study of leflex vasculai response by the photoelectric cell method 
and the study of changes in cutaneous resistance by the Wheatstone 
bridge and the psychogalvanic reflex have proved most valuable These 
two studies have enabled us to separate activity of the sympathetic 
nervous system into its v^asomotoi and its sudomotor components '' 

It must be stated, howevei, that clinical observation and judgment 
must be combined with the results of the various tests in making a final 
decision as to the indications for sympathectomy in a given case This 
applies particulaily to cases m which both obliterative and vasospastic 


elements are present Not uncommonly, under these circumstances, one 
cannot demonstrate an}'^ improvement m blood flow after interruption 
of S3'mpathetic outflow b)'' block with procaine hydrochloride Yet one 
may suspect fiom clinical observation that a definite element of vascular 
spasm is present, as judged by cold, moist extremities with “multiph 
phase color changes ” Frequently sympathectomy has resulted m a 
marked use in surface temperatuie under these circumstances Stu I 
of reflex vasomotor and sudomotor activity befoie operation will often 
demonstrate a marked response when there is none to penplieral ner^e 
block This IS probably due to the fact that the latter test is carried out 
under conditions piomoting v^asoconstriction Thus, it seems ^ 
that a constricted aiteriole with some organic change will not necessari) 
relax, when vasoconstriction is inhibited by procaine hydrochloride, 
long as it IS in a cool environment A'^asoconstiiction may persist as 
purely local response to cold When, howeier, the same extrerm^ 
IS studied in a warm room, the ability of the vessels to constrict 
surprising fashion can often be demonstrated by the reflex vas 


responses 


juiiscs ] 

For this leason my associates and I routinely use both pon*P 


neive block and studies of reflex vascular and sweat gland actnit) 


has been stated, however, the final decision for or against 
tomy must be based on clinical judgment and experience as ve 
objective tests 

CHANGES AFTER SYMPATHECTOMY 

1 When Opciahon is Complete — Interesting and 
changes take place aftei preganglionic sympathectomy 
vary with the time which has elapsed since operation There se 

17 Darrow, C W The Galvanic Skin Reflex, not a Vasoconstrictor 
nomenon, Psvchol Bull 26 155, 1929 
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certain phases through which the extremity passes It is theiefore best 
to divide the discussion into three parts, namely, changes observed 
during the first week, changes obseived during the second and third 
weeks, and late changes (obseived months or years aftei opeiation) 

(a) Changes During the Fust Week On the day after sympathec- 
tomy, the extiemity appears to be dry, warm and of excellent color The 
level of surface temperature is high and would piesumably not rise 
further on block with procaine h)'drochloride The level of cutaneous 
resistance is high, and reflex sweat gland activity as well as vasomotoi 
activity IS thought to be abolished Between the third and the fifth day 
a curious clinical phenomenon takes place The extremity suddenly 
begins to perspiie, becomes cooler and often is discoloied These 
changes may be obvious or may be detected only b)”^ careful testing 
The sudden burst of sympathetic nervous activity graduall)'- disappeais, 
so that by the end of a week it has vanished During this phase there is 
a fall in surface teinperatuie and in the level of cutaneous lesistance If 
the peripheral nerves are blocked with procaine hydi ochloride dm mg the 
height of the leaction, a rise in cutaneous temperatuie will follow As 
reflex vasomotoi and sudoinotor activity are known to be absent dui ing 
this penod, it would seem that theie is an actual spontaneous outflow of 
sympathetic impulses fiom the decentralized sympathetic ganglions’® 
These changes are shown in figures 3, 4 and 5 

(b) Changes Dining the Second and Ihiid Weeks Between the fiist 
and the second week aftei operation the level of cutaneous resistance 
leaches its high point The surface tcmpeiature falls slovly for two 
or three weeks aftei operation , then it stnkes a level The highest 
leadings are usually obtained the first day after operation Duiing the 
second veek, the phenomenon of sensitivity to epinephrine and similar 
substances appeals This is complete betveen two and three weeks after 
operation and is probably laigely responsible foi the fall in surface 
temperature This matter has piciiousl} been discussed in detail*"’ 
Thus, bi the end of thiee w'ceks the cxtiemiti mai be said to baie 
become stabilized (figs 3, 4 and 5) 

18 Gonert'? T Contribution i IVtiidc dc I’lnncrxition ■sv mpntliiqiic du 
cociir, Arch intennt de nitd e\pcr II 629, 1936 Tower, S S and Richter, 
C P Injiir\ and Repair ithin the SMiipathctic Xcrioii'; S^‘;teln III Em- 
dcncc 01 Acti\it\ oi Postqanghonic SMnpathctic Xcuron=; Independent oi the 
Central Nenous Sestem, \rch Xeurol &. P^chiat 28 1149 (Xo\ ) 1932 
Sunconc, E \ The Effect of Regeneration oi the X*er\e Supph on the 
‘'en‘:iti\it\ of the Dcner\atcd Xictitating Membrane to Xdrtmne \in J Ph\siol 
120 466, 1937 

lb Richter C P The Xtr\ou<: Ccitrol oi the Ekct-ical Rici^tancc ni tie 
Skin Bull lobns Hopl in« IIo>-p 45 ^(i lb2b 




Fig 3 — Diagrammatic representation of the changes noted in the surface 
temperature level of the finger tip and in the cutaneous resistance level of the 
hand It is a composite chart of the average findings m a group of denervated 
upper extremities as da} s, weeks and months passed after operation It is presented 
to bring out the nature of the curve rather than the actual levels The period 
of “spontaneous sjmpathetic activity” is shown, together with the fall m surface 
temperature and cutaneous resistance levels at this time Both reflex vasomotor 
and sudomotor activity are abolished during this period, as after it and presumably 
before it 



Fig 4 — Level of surface temperature after operation on an upper ^ 

It was obtained by plotting daily readings against time and room 
The characteristic fall in surface temperature between the third an ^ 
day IS shown Block of the ulnar nerve at the low point by injection 
hydrochloride was followed by a sharp rise in surface temperature^^ jecentr^l 
gests that sympathetic motor impulses were passing peripherally from 
ized ganglions, because reflex vasomotor and sudomotor responses 
During this phase, the hand was cool, moist and often disco ore 
nomenon disappeared, clinically at least, by the end of the ^^,35 j-epeate'^ 

no rise m surface temperature of the finger tip when the ulnar oc 
on the thirteenth postoperative day 
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(<r) Changes 'Months oi Yeais Aflei Opeialion As tlie e\tienntv is 
obsened dining the following months oi }eais, little significant change 
takes place Iheie seems to be a slight fall m the level of suiface 
tempeiature as time goes on Iheic is a moie definite fall in that of 
cutaneous resistance, m spite of the fact that leflex siieat gland activity 
IS abolished This mac be due to independent activity of the sweat 
glands 01 mai be a humoral i espouse Thus, a well sj mpathectomi/ed 
e\tiemit} months or }eais aftei the opeiation should have a high sui face 
tempeiature with little or no use on block vith piocaine hydrochloride, 
a much higher level of cutaneous resistance than befoie opeiation, with- 
out evidence of reflex response, and complete abolition of reflex 
\asomotor actnit}, as evidenced by photoelectric cell studies (fig 2 ) 



Fig 5 — Daily surface temperature and cutaneous resistance readings, plotted 
lor two weeks after complete denervation of the lower extremity The curves 
are similar to those noted for the upper extremitv The same phase of low'ered 
temperature and cutaneous resistance levels accompanied by clinical eiidence 
of moisture and coolness is brought out Note the sharp fall in cutaneous 
resistance during the second week As reflex sudomotor activity is abolished 
completely, this cannot be utilized as evidence of either incomplete sympathectomy 
or regeneration It may be some peripheral mechanism (perhaps humoral) affecting 
the sweat glands directly 


20 Richter, CP A Study of the Electrical Skin Resistance and the Psycho- 
galvanic Reflex in a Case of Um-Lateral Sweating, Brain 50 216, 1927 Solomon, 
P The Psychogalvanic Reflex Applications to Neurology and Ps} chiatry Arch 
Neurol & Psychiat 34 818 (Oct ) 1935 
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Theie should be a slight diop, of about 5 degrees (F ), m surface 
temperature in response to epmephiine 

Occasionally a rise of 1 to 3 degiees (F ) in surface temperature is 
noted on peiipheral neive block in the absence ot evidence of refie\ 
sudomotor oi \asomotor activity This ina) be the result of a con 
tinned slight discharge of impulses from the decentralized ganglions 

(fig 6) 

2 When Opejafion Is Incomplete — There is a marked difference 
between the results of complete and those of incomplete interruption 
of sympathetic impulses to an extremity If the operation is onh 
partially effective, the level of surface tempeiature may be changed little 
if any Hence, peripheral nerve block will result in a marked rise m 


t D • Before Operation 
Venation To Nelee • 2l^/o 
Pontfve Votomotor Reflex 


OD 


5 €0000 


2 40000 


20.000 



ar ^ 


V 


/ /) • One Month After Optretfea 
No Variability -No Bedometer Reflex 
No Veeemeter Reflex^ 

Nerve 6/oeh ^2 5 f 

Chnieally “cvred" 


150000 


140000 



/ 


2 5 


2 J 


Time Minutes Time Minutes 

Fig 6 — Chart demonstrating how occasionallj^ one notes a slight rise 
face temperature of a finger tip following peripheral ner\e block after an appa 
complete sympathectomj , as evidenced by abolition of % asomotor and su on 
reflexes This chart should be compared with figure 2, vhich shows t e 
result This slight rise in surface temperature following peripheral nene 
IS perhaps best explained by assuming persistence of some efferent s) P 
motor activity arising in the decentralized ganglions It does not appear 
of any clinical significance 


cutaneous temperatuie The level of cutaneous lesistance 


wall be lo"> 

and reflex sweat gland activit)'’ will be present Reflex 
responses will persist Sensitivity to epinephrine w ill not appear 
effect of incomplete sympathectomy in terms of suiface tempe 
shown in figure 7 The case illustrated was vei}^ helpful to me 
early attempts to find an adequate preganglionic t}pe of opemtio 
the upper extremity 
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3 IVJic)} "Relapse” Takes Place — ^This subject has been well dis- 
cussed by Simmons and Sheehan The teim as they used it is descrip- 
tive It implies a state of affairs which occuis six months to a yeai and 
a half aftei ^^hat was thought to be a complete operation It implies 
also that the s}mptoms are not quite the same as before operation The 
condition occurs after both preganglionic and postganglionic types of 
s} mpathectom} The explanation has not been wholly clear 

The patient notices that after a peiiod of relief or improvement the 
extreinit} begins to be coolei and also to perspire Slight changes in 
color may occur, but the s} mptom complex does not seem to be as sever e 
as before operation This situation is undoubtedly due to partial legen- 


«/ S “fitfiftt Hon^ » Ittcem ptttm Sjtn^oth^tiomy 
Alto R»paet0d Cut0otid 



Fig 7 — Case of J S The ability of a finger tip to maintain a high surface 
temperature level in a cool environment may be utilized in judging the completeness 
of sympathectomy The first two operations failed to denervate the hand because 
the white rami from the second and third dorsal segments were not actually 
divided This was temporarily corrected by operations 3 and 4 “Relapse” due to 
regeneration occurred, however, after both of these procedures 

eration of sympathetic fibers The effect of repeated “i elapse” m terms 
of surface temperature is shown in figure 8 The case illustrated was 
also extremely helpful to me in working out an operation for the upper 

21 Simmons, H T , and Sheehan, D An Inquirv into “Relapse” Following 
Sympathectomy, Lancet 2 788, 1937 
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extiemity which would be adequately complete, preganglionic and not 
followed by regeneiation or “relapse” 

111 most studies of the state of “relapse,” reflex sweating has been 
used as evidence of legeneration of vasomotor fibers I have had occa 
Sion to observe a numbei of extiemities m which there has been a 


“relapse” and to study reflex sweat gland activity and reflex vascular 
response separate!}' This has been done by utilizing cutaneous resis 
tance readings and the psychogalvanic reflex in the former and reflex 
photoelectric cell responses in the latter instance 

It was found (table 1 ) that the vasomotor reflex xvas absent in all 
of 8 “relapsed extremities” after either preganglionic or postganglionic 
operations 


Rteurrtttt“Bttaptt'i‘Rtpeottd Cure* 

JS L*tt Hond-Sartec9 Temperature Record 

ritth R/fiper Tip Over Three YearRertod CveeUe^ 


Cure Re 2 



Fig 8 — Chart indicating that section of the rami and division and disp 
of the nerve trunk are not adequate assurance against regeneration m 
of the upper extremity This upper extremity was well denervated 
regeneration occurred and “relapse” resulted Several similar be 

vinced me that the anterior roots of the second and third dorsal nerves 
divided to prevent this occurrence (See figure 11 ) 


In table 2, data on reflex sweat gland activity in 5 of these 
presented A fall in the level of cutaneous resistance in response 
adequate stimulus was present in each instance in a degree co 
to that seen in the ax'erage untieated extremity This was true 
less of the type of operation which had been performed (fig ) mider- 
reflex was abolished after further surgical intervention had 
taken to interrupt regenerated pathxxays (fig 10) In ^^’,„tbe 
changes in the state of “relapse” are contrasted with the fin nif,® 



Table 1 — J asomotoi Acttzitv i)i Eight Cases of Relapse (Uppci E\iicimty)* 


Patient 

Hand 

Degree of 
Relapse 

J S 

Bight 

Mild 

D McG 

Left 

Mild 

J S 

left 

Moderate to 
marked 

Alves 

Right 

Moderate to 
marked 

Alves 

Lett 

Alodcrate to 
marked 

A MeJ 

Left 

Moderate to 
marked 

A AlcG 

Right 

Moderate to 
marked 

P B 

Left 

Moderate to 
marked 


Operation 

Time Since 
Opera 
tlon 

Mo 

A asomotor 
Reflex 

Ramlsfictomi 

SO 

Absent 

Ramisectomy 

27 

Absent 

Ramlsectomj 

SO 

Absent 

Ramisectomy 

10 

Absent 

Ramlsectonn 

10 

Absent 

Ramisectomi 

24 

Absent 

Ganglioncctomi 
(Ca, Di, D.) 

G5 

Absent 

Ganglloncctomj 
(Di, D=) 

07 

Absent 


• ^o reflex response was demonstrated In any instance bj the photoelectric cell method 
regardless ol the type of operation Ml the operations were believed to have been orlglnalh 
complete 


Table 2 — Reflci Sivcat Gland Activity in Five Cases of "Relapse” 
(Uppet Erircimty) * 


Time Cuta 
Since neons 
Opera Rcsi« 




Degree of 


tlon, 

tance 

Reflex 

A’'nsomotor 

Patient 

Hand 

Relapse 

Operation 

Mo 

Ohms 

Response 

Reflex 

J S 

Right 

Mild 

Ramisectomy 

30 

123 000 

S% 

Absent 

D McG 

I>eft 

Mild 

Ramisectomy 

27 

74 000 

15% 

Absent 

J S 

Left 

Moderate 
to marked 

Ramisectomy 

30 

100 000 

13% 

Absent 

A MeG 

Left 

Mild 

Ramisectomy 

24 

30 000 

22% 

Absent 

A McG 

Right 

Mild 

Cervicodorsal 

ganglioncctomy 

G3 

33 000 

10% 

Absent 



After Seeondarj Operation 




J S 

Left 

"Cured" 

Laminectomy 

1 

190,000 

Absent 

Absent 


anterior root 
section (D- Da) 


’ bo reflex vasomotor activity could be detected by the photoelectric cell method The 
reflex sweat gland activity was abolished In 1 of these extremities after further operation bad 
interrupted regenerated nerve pathways 


Table 3 — Compauson of Data on a ’Relapsed” and Data on a "Cnied” Uppci 
Evticimty* Aftei Into ruption of Regenci ated Synipatlietic Pathways 





Fall in 


Cuta 





Rise in 

Temperature on 


neous 





Temperature 

Intravenous 

Vaso 

Resis 





with 

Administration 

motor 

tance 




Symptoms 

Dinar Block 

of Epinephrine 

Reflex 

Level 

Tariabihty 

Reflex 

Relapsed ' 

Marked 

13 degrees P 

2 degrees P 

Absent 

100,000 

Marked 

Po'^itive 

13% 

"Cured ’ 

1 mo after 
operation 

Kone 

1 8 degrees P 

8 5 degrees P 

Absent 

190 000 

bone 


Absent 


* Left hand of patient J S 
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A HcJ. -"iletapse' 

Sytart Afttr 
Lett Dorset Remtseetemy 
45000 VosomotorReftex Absent 



A He e -"heloptt’ 

sViyeart At Hr 

Right Cerx/eo Derset Gesglie/teetottif 


Vesemoter Reflex Absent 
DT DT 


4qp00 


35,000 


\ 


4 i 


V 


Redes Response 
10 % 




30000 


IBS 


t 2 3 


Thnt Hinuitt Ttmi Hlmltt 

Fig 9 — Low, variable le\els of cutaneous resistance with positive reflev 
response years after what was believed to have been a complete denervation In 
one case a preganglionic ramisectomy had been performed, in the other, a 
ganglionectomy The picture represented by this chart is comparable to that seen 
before operations as far as changes in cutaneous resistance are concerned Noe, 
however, that no reflex vasomotor response was demonstrated by the photoe ectnc 
cell in either instance 


JS •Left Hend bas^Rstepsed’* 

After pregengHent c Remtseetemy 
Veeomoter Reflex Absent 


dS Left Hend'‘Cere4 
One Month After 
tntradvrot Section 
Vesomotor Reflex Absset 


toopoo 


or 


90,000 


/ 

r 


Vertefion To Nolee 
ts % 


\j\ 


/ 


•\ 


DT 

i 




t 2 3 

Tlme^MJnutes 


*V ^1* NoRtrpHH 

tSSfiOO TeSolf 

Vf 


/ tespoo 


X 


X 


/ ? 


Fig 10 — Chart showing that further operation after “relapse resn ^ 


The 


higher, constant level of cutaneous resistance w'lthout reflex [jgi;, )ti 

vasomotor reflex as judged by the photoelectric cell method was a s 
the “relapsed” and in the “cured” state 
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same extiemit} aftei the SMiiptoms had been completely relieved by 
fuither suigical piocedmes 

These obserrations indicate that m the state of “i elapse,” leflex 
actiMty of the s^\eat glands is present in a degiee comparable to that 
seen ^^hen opeiation has not been peifoimed The vasculai reflex, 
howe\er, could not be demonstiated b}'’ the same technic ( photoelecti ic 
cell) which alwais pioduced a i espouse m the noimally innervated 
extremit)’’ Furthei studi will be necessaiy to determine the accuracy 
and significance of these findings 


OPERATIVE TECHNIC 

The foregoing suinmar}'- of changes noticed aftei vaiious operations 
on the s} mpathetic ner\ ous sj stem is given pnmaril}’’ to show why I use 
the type of operation to be desciibed The difficulties encountered apply 



Fig 11 — Diagrammatic representation of what is done to interrupt the sym- 
pathetic outflow from the second and third dorsal segments in order to prevent 
regeneration The impulses from the lower dorsal levels are interrupted by dividing 
the trunk below the third dorsal ganglion and ligating the distal divided end The 
proximal divided end is brought out of the thorax and sutured into the wound to- 
prevent regeneration from this source The outflow from the first dorsal segment 
is not interrupted because it is insignificant in amount and cannot be permanently 
abolished without sacrificing the first dorsal motor root This would result m 
motor weakness in the extremity Exposure is obtained by resecting the inner 
portion of the third rib and the tip of the transverse process through a small 
vertical paravertebral incision The pleura is separated from the thoracic cage 
over an appropriate distance See other references for more detailed description 
of the operation An operation, similar in principle, utilizing an anterior approach,, 
has been described (Telford, E D The Technique of Sj mpathectom> , Brit J 
Surg 23 448, 1935) 


almost wholly to the upper extiemity It never has been a problem to 
produce an adequate, lasting and preganglionic type of operation for the 
lower extremity 
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These opeiations have been desciibeci in great detail elsewhere 
The operation for the arm (fig 11) and that foi the leg (fig 12) are 
described briefly 

clinical rcsllts 

Table 4 is a siimmar} of clinical results following sympathetic 
denervation of the upper extremity b} the method described (root 
section) Also included aie earhei cases in which operation (raiiiisec 
tom)^) Avas performed The results in these cases were not as good, 
and this led to the development of the piesent technic, which appear^ 


Tabie 4 — Cltmcal Results fo) L/ppn E\fieiitit\r 



Ao of 

Excellent 




Extrcni 

Clinical 


Cnimproved 


itle« 

Result 

Iinproy ed 

Group I 




2 (6%) 

All operations 

33 

2S (SlCo) 

3 (10%) 

Rnmiseetoinj 

C 

1 (17%) 

3 (50%) 

2 (o3%) 

Root section 

27 

27 (100%) 





Vorj Good 
Clinical Result 

Improved 

bnimprorcil 

Group II 




1 (S%) 

All operations 

SI 

23 (73 5%) 

S (23 5%) 

Ramisectomy 

10 

5 (50%) 

i (10%) 

1 (lOT 

Root section 

21 

20 (S3 3%) 

4 (16 7%) 




Good 

Clinical Result 

Improicd 

Unimproved 

Group III 




2 (8%) 

2 C” 5%) 

All operations 

20 

12 (iG%) 

12 (16%) 

Ramiscctoinj 

0 

2 (22 5%) 

5 ( 00 %) 

Root section 

17 

10 (5S S%) 

7 (41 2%) 

— ■ 


* Tlio results of \arious tjpes of preganglionic operations are giten A,' ® 5^5 m this 
best results ^>ere tho»e following root section ns illustrated m figure 11 ai> ^ 
table are examples of primary vascular spa*!!!! Tliej are grouped according 
of local fault present before operation (sec text) 


satisfactory The cases aie aiianged m thiee gioups, according o 
the degree of local fault already piesent Theie wms no obvious oca^ 
fault in the cases in gioup I Theie w^eie definite cutaneous 
in the extremities m group II (sclerodeima), but no roentgen c 
Group III contained cases of advanced scleioderma and 
gen changes, such as calcification of soft tissues oi destruction o 


22 Smithwick, R H Modified Dorsal Si mpathectomv for Vascidar Spasm 
(Rajmaud’s Disease) of the Upper Extremiti Preliminarj Report, ” 

104 339, 1936, The Value of Sympathectomy m the Treatment of 

Disease, New England J Med 216 141 1937, The Sympathetic 

and Vascular Disease, in Blumer, G The Practitioner’s Library 0 

and Surgery, Neyy York, D Appleton-Century Company, Inc, jocular 

The Rationale and Technique of Sympathectomy for the Relief 0 

Spasm of the Extremities, New England J Med , to be published 
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of the tenninal phalanges The untow at d eftect on the end lesult of the 
degree of local fault ahead) ptesent is clearly showni 

Table 5 includes data on a gioup of cases in which the vascular 
spasm of the uppei extiemity was secondaiy to some ilnderlying disease 
The results m this group aie compaiable to those obtained in gioup 
III, table 1 

Table 6 represents a consecutive senes of deneiw'ated low'ei extiemi- 
ties The extrapentoneal approach was utilized in eveiy instance The 
cases are divided into tw o groups, depending on wdiethei the vasospasm 
was primary or secondaiy 


Ltn* of Incluona lElhtIb 



Fig 12 Technic of operation The lumbar sympathetic trunk is exposed 
extrapentonealh by an incision running forward below the twelfth nb and 
curring anteriorly and downward to the iliac crest The position of the patient 
on the table is very important Excellent exposure of the upper portion of the 
lumbar trunk is obtained Routinely, the rami of the second and third lumbar 
segments are divided and a portion of the trunk containing these ganglions remoy ed 
m order to prevent regeneration If denervation of the thigh is desired, the first 
lumbar rami must be divided and the corresponding ganglion removed as well 
For further details, see references to other articles 

Tables 7, 8 and 9 ate devoted (o a summar) of the lesults of surgical 
treatment of thromboangiitis obliterans m terms of incidence of major 
amputations A.n attempt has been made to show the relative value of 



Table 5 — Clinical Results foi Upper E\iremilv (Group 4*) 


^o of 



No of 

E\trcm 

Excellent 


Umm 

Diagnosis and Treatment 

Cases 

Ities 

Result Improved proved 

Klieumatoid arthritis with tnsoular spasm 

5 

7 

3 

2 

2 

Bamisectomy 


4 


2 

2 

Anterior root section 


3 

3 



Causnlgia with a ascular spasm anterior root 






section 

2 

2 

2 



Hypertension, marked a ascular spasm after 






splanchnic resection, anterior root section 

1 

2 

2 



Thrombosis of brachial arterj with scalenus sjn 






drome 

2 

3 

8 



Eamisectomy 


2 

2 



interior root section 


1 

1 



Arteriosclerosis avith gangrene and ulceration 

G 

10 

4 

5 

1 

Eamisectomy 


6 

2 

4 

1 

Anterior root section 


4 

2 

1 

Thromboangiitis obliterans with ulceration and 




4 


gangrene 

4 

4 



Eamisectomy 


3 


3 


Anterior root section 


1 


1 

_ 

Totals 

20 

28 

12 

IS 

d 


(42 07e) 

(46 4%) 

(101%) 


* A miscellnnoous group In iilileh some oWIterntire insculnr disense was 
instances or in which the \asculnr spasm was secondary to some underlying condition 


Table 6 — Clinical Results for Loiver Exti entity* 
(May 26, 1936 to March 22, 1939) 


Diagnosis 


No of 
Cases 


No of 
Dx.trem 
ities 




A Vasospastic Disorders 


Rajnaud’s disease !) IS 

Vascular spasm and old poliomyelitis 2 3 

Vascular spasm and degenerative spinal cord 
lesion 1 1 

Vascular spasm and spina bifida 1 1 

Vascular spasm and recurrent Ijmplioangiitis, 
ulceration and epidermophj tosis 1 1 

14 24 


IS 

3 


1 

1 


1 


22 


B Obliterative Vascular Disease and Vascular Spasm 


Thromboangiitis obliterans 
Arteriosclerosis with gangrene 
Ih-ostbite with gangrene 
Gunshot wound of femoral artery 


SO 52 22 

4 6 3 

12 0 
1 1 ^ 

36 61 24 


27 

4 

1 

0 

32 


3 

0 

: 

1 

p 


Grand totals 


50 


85 


They 


* Sympatheetomized by the extraperitonea] operation illustrated in figi^®^ present 
divided into two groups according to whether obliterative vascular di'ca 
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dilferent methods of treatment in similai cases The value of sympa- 
thectomy IS emphasized, and the i elation of the end lesult to pulsation 
m the mam a essels is brought out 

Table 7 — Tht omboangutis Obhtctans Incidence of Majoi Amputaiwns 
Aftci Vaiious Foims of Ticatment*’ 


Consecutive en=es before Introduction of nerve 
block with minor amputation uhen nccc'carj 

No of 
Evtrcin 
itles 

31 

No of 
Amputa 
tions 

23 

Minor 

Amputa 

tions 

7 

Percentage 
of Major 
Amputations 

74 2 

Con'ocutivc eases of nerve block and minor am 
putation when neccssarj 

2G 

S 

14 

30 8 

Con'ecutivo ca'cs of nerve block, and minor am 
putations when necessary and sympathectomy 

20 

3 

14 

15 0 


* This table is presented to show the improvement in the end results of the treatment of 
thromboanBlitls obliterans ns measured by the Incidence of major amputations Ihe value of 
the addition of nerve block and sympnthectomv to minor amputation (toes) and other con 
servativo measures (cessation of smokine, careful foot hygiene active and passive vascular 
evercises) is brought out 


Table 8 — Tin omboangiUts Obiticians Relation Between Pulsation 
of the Main b essels and Amputation* 


Diagnosis 

No of 
E\trcm 
itles 

No of Major Percentage 
Amputa of Major 

tions Amputations 

(A) Popliteal pulsation present, consecutive cases of nerve 
block and minor amputation when necessary 

16 

4 

25 0 

(B) Consecutive cases of nerve block, minor amputations 
when necessary and sympathectomy 

27 

0 

0 

(A) Popliteal pulsation absent consecutive cases of nerve 
block and minor amputation when necessary 

17 

8 

471 

(B) Consecutive cases of nerve block, minor amputation 
when necessary and sympathectomy 

23 

3 

13 0 


* Cases of nerve block without sympathectomy are contrasted with cases in which both 
procedures were used They arc subdivided according to the presence or absence of popliteal 
pulsation in order to compare similar cases as far as possible The addition of sympathectomy 
appears to have been helpful in reducing the incidence of major amputations 


Table 9 — Thromboangiitis Obliterans Results of Tieatment of Fifty Consecutive 
Extremities by Sympathectomy in Addition to Other Forms of Treatment* 



No of 

Nerve 

Amputation 

Minor 

Major 


Evtrem 

Block 

Unneces 

Amputation Amputation 

Patency of Main Vessels 

itles 

Necessary 

sary 

Necessary 

Necessary 

All patent 

Either or both dorsahs pedis and 

8 

0 

8 

0 

0 

posterior tibial obliterated (pop 
htcal present) 

19 

5 

16 

3 

0 

Popliteal obliterated 

21 

14 

8 

11 

2 

Femoral obliterated 

2 

1 

1 

0 

1 

Totals 

50 

20 

33 

14 

3 (6%) 


* In all instances sympathectomy was performed, with other surgical measures as indicated 
The incidence of major amputations was 6 per cent ahese came in the group with the most 
advanced degree of mam vessel obliteration Compare with table 7 before the advent of 
peripheral nerve block and sympathectomy 


23 Smithvvick, R H, and White, J C Peripheral Nerve Block in Obhtera- 
tue Vascular Disease of the Lower Extremit}, Surg , Gvnec &. Obst 60 1106, 
1935 
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SUMMARY AND CONCLUSIONS 


Sympathectomy yields its most satisfactory clinical results when it is 
performed m such a way that the aiea is completely denervated bj a 
preg-anglionic piocedure It is important also that the operation be per 
tormed in such a mannei as to guard against regeneration 

The most bi illiant results are obtained in cases of purely vasospastic 
disorders Howevei, worth while improvement may often follow if 
sympathectomy is performed when both obliteration and spasm of 
arteries are known to exist 

Various methods of testing for vasospasm are discussed The value 
of studying reflex vasculai and sweat gland activity is emphasized, par 
ticularly with regard to determining both the completeness and the 
peimanence of the results of any opeiative procedure The importance 
of clinical observation and judgment based on cKperience is mentioned 
in connection with the selection of cases for operation 

Various changes which take place after sj mpathectomy are con 
sidered in some detail The diffeience between complete and incomplete 
sympathectomy is brought out The question of “relapse” due to partial 
regeneration of sympathetic pathways is discussed with particular refer- 
ence to leflex vascular and sweat gland activity 

The operative technic which has been found to produce the most 
satisfactory denervation of both upper and lower extiemities is describe 


briefly 

Clinical results m cases of both primary and secondary vasospastic 
disorders aie tabulated The results of various surgical measures 


utilized in the management of patients with thromboangiitis obliterans 


aie discussed in terms of incidence of major amputations 



HEPARIN IN SURGIC-VL TREATMENT OF 
BLOOD VESSELS 


GORDON MDRR'VY, MB, PROS (Eng .N Can ) 

TORONTO, CAN \DA 

The \ahant ettoits made many investigators to advance the 
tieatment of diseases and mjuiies of blood vessels have been hampered 
b} thrombosis and dotting in these structures The uncontrollable factor 
leading to failure m many cases is not the giving way or leaking of 
suture lines or weakness, dilatation or stenosis of blood vessels but is 
occlusion of the vessels by thrombosis The discovery of the anti- 
coagulant heparin by HowelH in 1916 was theiefoie an epoch-making 
e\ent More recently, expeiiments by Murray and his co-woikers - 
demonstrating that heparin vould also prevent thiombosis were of 
importance in developing this subject The final purification of heparin 
by Best and by Charles and Scott ® made it safe to give this substance 
to clinical patients 

EXPERIMENTAL DATA 

Heparin is a strong organic acid, probably a mucoitm trisulfunc 
acid In addition to preventing clotting, it has an important effect on 
the platelets, preventing their clumping and thereby preventing thrombo- 
sis Its mode of action in this respect is not understood at present 
Heparin is obtained from various animal tissues, the lung giving the 
highest yield for purposes of mass production 

Toxmiy — The earhei preparations of heparin contained large quan- 
tities of impure material which made them too toxic for clinical admin- 
istration With further purification, however, these impurities have 
been eliminated, and now, with the availability of the crystalline barium 
salt, the toxic effects have disappeared Within the last few months 
some lots of heparin appearing on the market have shown some of the 

From the Toronto General Hospital 

1 Howell, W H Two New Factors in Blood Coagulation — ^Heparm and 
Proantithrombin, Am J Phjsiol 47 328, 1918 

2 Murray, DWG, Jazues, L B , Perrett, T S , and Best, C H Heparin 
and Thrombosis of Veins Following Injury, Surgery 2 163, 1937 

3 Charles, A F, and Scott, D A The Preparation of Heparm from Beef 
Lung, Tr Roy Soc Canada (Sect 5) 28 5S, 1934, Studies on Heparin I The 
Preparation of Heparin, J Biol Chem 102 425, 1933 , The Purification of Heparm, 
ibid 102 437, 1933 
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tovic effects which were obseived in the earlier preparations, how 
ever, more recently these impurities appear to have been removed, and 
the substance is now nontoxic 


Effect of Infection of Hepaun — Within a very short time after an 
adequate intravenous dose of heparin is given the clotting time rises 
lapidly, the level depending on the dose If a single dose is given, the 
clotting time begins to fall within a short time, and from then on it 
descends lapidly until a normal level is reached (within an hour or two) 
If after the initial dose the injection is continued intravenously the 
clotting time can be maintained at any desired level When administra 
tion of heparin is stopped and the clotting time returns to normal, there 
are no ill effects, and the blood appears to be normal in all respects 

Methods of Adimmst) atton — It was found that heparin could be 
administered in various ways Local application was not particularly 
effective Subcutaneous and intramuscular injections were only moder 
atel}'' effective The best method, which has been used most generally 
in this experimental and clinical work, is continuous intravenous injec 
tion in dextrose solution or physiologic solution of sodium chloride 
The injection must be made at such a rate that the clotting time is 
maintained at a predetermined level, usually two or three times the 
normal 

When operation or repair of single blood vessels is undertaken 
heparin may be injected through a needle with a pump just proxima 
to the areas of repair The blood stream passing over these areas wi 
have an increased clotting time, which is not evident in the remain e 


of the vascular system 

Effect of Hepaun in Pi eventwn of Tin oinbosis — The earlier work 
of Howell demonstrated the ability of heparin to pi event clotting 
blood, but there was some doubt at this time whether it would prme 
thrombosis To investigate this problem, superficial veins m the 
ties of animals were damaged On mechanical and chemical 
segments of these vessels, occlusion took place in a high 
When under similar conditions heparin was given, occlusion di no 
place From several bundled experiments it appeared 
was effective when adequate concentrations were maintained m ^ 


stream 


Aiteual Anastomosis — End to end suture of arteries 
carried out successfully by many workers, and by the unpre 
technic of Carrel success has been obtained in a high 
cases My associates and I carried out a fair number of anas^ ^ 
with success, and the vessels remained patent -when an pgr 

ful technic was followed With less care in the operation a ^a 
centage became occluded again, by a thrombus at the suture 
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smaller ^ essels such as the brachial and femoral arteries, were sutured, 
practicalh all of them became occluded with thrombus Of over 50 
e\penments in which heparin was used, the aiteries remained patent 
m more than 80 pei cent, as compaied wuth 35 per cent for the controls 
In a similar group, with improved technic m administering heparin, 
all the vessels remained patent If administration of heparin w'as con- 
tinued for seventy-tw’o houis or more, the vessels remained patent 
The intima was healed completely, without signs of stenosis or bulging 
Specimens recoveied many months afterward show'ed only a slight scar 
at the site of anastomosis (fig 1) 

At this stage mj interest w'as aroused in the healing of the suture 
lines Figure 2 show's the stages of repair at diffeient intervals after 
operation (fig 2) 



Fig 1 — End to end anastomosis of an artery, showing healing of the suture line 

Venous Giafts — Venous grafts have been suggested and have been 
tried by various w'orkers, but I have been unable to find reports of 
cases in which they w'ere used successfully, either experimentally or 
clinically It w'as thought that, with thrombosis m 100 per cent of 
control venous grafts, this would be an excellent test of the eftect of 
either regional or general heparinization Segments of carotid arteries 
w’ere excised, and a similar length of external jugular vein w'as removed 
and anastomosed at both ends to take the place of the artery The 
suture material was fine silk The operations w'ere done quicklv and 
without the extreme care used in Carrel’s technic (fig 3) 

There W'as some doubt in the earlier stages w'hethei the thin-w ailed 
^eln would wnthstand the ingh arterial pressure Under this pressure 
the venous giafts ballooned out in a sausage shape, and the w'all when 
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sti etched was so thin that eddies of cii dilating blood could be seen 
through It The anastomosis in these cases a\ as carried out with a single 
suture line, as it was found by lepeated experiments that reenforcenient 
with stitches or othei mateiials uas unnecessai} The whole question 
of success or failuie depended on whether thrombosis occuired at the 
sutuie lines and not on the giving \vay of the wall of the \essel It i\a« 
found during the experiments that it was bettei to make the venoii' 



Fig 2 — A, end to end suture of an artery, showing absence o perfect 

four hours after the operation B, end to end suture of an artery, s 
healing forty-two days after the operation The silk suture used in 
mosis IS shown in cross section 


graft considerably longer than the segments of aitery remove , 
flexion of the animal’s neck would not tear the sutuie lines 
control experiments the grafts became occluded in a s lor 
blood clot When heparin was given and its administration con 
not less than seven days, the grafts lemained patent 
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siderable difficulty in continuing heparinization foi this length of tune 
without inteiruption and without complication, such as pneumonia, 
infection of the wounds or disconnection of the apparatus Ovei 50 
such grafts hare been made, and many of these have been exposed 
surgically at inteivals of thiee months When the operation was com- 
pleted successfully and the heparinization earned out without mteirup- 
tion, the giafts remained patent Seveial of these giafts have been 
opened at the time of operation and pieces removed from the wall to 
study the changes m the venous wall undei the change in enviionment 
It was interesting to find that the wall of the venous graft was con- 
siderably thicker and moie opaque than uhen it was inserted If the 
original venous graft was much larger than the adjacent segments of 
the artery, the size of the lumen changed during the succeeding few 



Fig 3 — Technic of appljing a venous graft 


months, diminishing considerably, so that it moie nearly approximated 
the size of the aitery After a few months the wall of the graft 
was of about the same thickness and had about the same translucence 
as the adjacent wall of the artery The surface had the appearance of a 
thick, fibrous structure with multiple small bleeding points, such as 
are seen in an ordinary scar It was adheient to all the structures 
surrounding it but could be separated with ease The wall was tough, 
and on no occasion was it torn during the dissection There was no 
evidence of degeneration of the w^all in the form of calcareous plaques 
or bulging The vessels conducted the blood stream and pulsated nor- 
mally, as did the adjacent arteries The w'all was elastic and compressible 
like the wall of an artery Figure 4 show's a specimen remo\ed after 
forty-tw'o days The changes described, such as the increased thickness of 
the W'all, the healing of the suture line and the diminution of the 
lumen, are apparent The intima appears normal, w'lth no evidence of 
degeneration 
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Einbolecfomy — Since the fiist successful embolectomy, performed 
m 1911 by Key,"* efforts have been made to apply this method of 
treatment to peiipheial arterial embolisms Failure in many cases ks 
resulted from thrombosis at the site of operation or at the site at 
which the embolus was lodged The recent application of passive vascular 
exercises by Reid and Heirmann has saved a great many extremities 
from gangiene, but it is felt that m many cases if the embolus had been 
removed eaily and the circulation restored, the ideal would have been 
attained Experiments on the blood vessels of dogs were carried out 
to investigate the possibilities of embolectomy combined with the use 
of heparin 



Fig 4 — Venous grafts renio\ed (i) eight hours and (2) grafts 

the operation Note the difference in the texture and in the lumens o 


Peiipheral vessels in dogs weie plugged with foreign o ' 

blood clot and were closed The plugs were removed a ter 

varying up to three days Figure 5 shows a section of a 

hours compared with a section of a vessel at forty-eight 

such an embolus had been placed m the lumen In the ear ler 

plug IS quite free from the intima and can be removed without 

whereas later there aie a great deal of reaction in the 5 (age 

b)'' leukocytes and adherence of the embolus to the wall 

the plug can be removed only by scraping it off the sur ac 

, , 

Ueber Embolectomie als Behandlungsmet o e j 

- - . . Scandinav 54 341, 


4 Key, E 

Zirculationsstorungen der Extremitaten, Acta chir 
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lemoval of such an embolus after fortv-eight houis, the vessel became 
occluded again within a few houis If, however, the animal was suc- 
cessfull}'^ hepainured foi several da3s, the vessel remained patent and 
the intima healed ovei Specimens removed a month later showed the 
arter}' to be clear of thiombus and to be carrying on the cii dilation 



Fig 5 — A, cross section of an arterial embolus of si\ hours’ duration The 
embolus is free from the wall of the %essel B inflammatcrj reaction produced in 
the wall of the vessel bj an embolus which has been in place for fortv-eight hours 


normally This gave encouraging evidence that embolectom}" in human 
patients might be carried out moie successful!} than formerlv if heparin 
were used 
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Effect of Hepmin on Poital Thi ombosis — The knowledge that 
splenectomy m human beings has frequently been complicated by portal 
and systemic thrombosis encouraged my associates and me to perform 
some expel iments to see whethei hepaiin would be as effective in the 
portal system as in the systemic In a group of animals the spleen was 
removed and the splenic vein injured In all the controls the splenic 
vein became thrombosed, when, however, hepaiin was given success 
fully for seven days or more, the splenic veins remained patent in 90 
per cent of cases This also was encouraging evidence that heparin 
might be used to advantage in operations involving the vessels of the 
portal sy'^stem 

Tians plantation of Otgans — Many successful experimental trans 
plantations of organs have been carried out In our hands, hoivever, 
there was a high percentage of failures With such opeiations as trans 
plantation of the kidney’’ in animals, the circulation was maintained in 
relatively' few instances If, howevei, heparin was given after the 
operation and its administration continued for several day's, the vessels 
remained patent and the end results were much more satisfactory 

Fuither evidence of the effectiveness of heparin m preventing throm 
bosis was provided by repeating Shionoya’s ® experiments of plaang a 
transparent tube as a shunt between the arterial and the venous system 
Under oidmary conditions this tube filled rapidly with thiombus Whem 
howevei , heparin was given in sufficient concentration, the tube remame 
clear 

Coi onai y Occhtswn — By irritating the coronary arteries of atiimah 
with scleiosing solutions. Best and Solandt ® showed that throm o'lS 
occuried in a high percentage of cases When, however, heparin « 
given, this could be prevented They' found also that the mural 
forming with relation to the mfarcted area in the chambers o 
heart did not occur when heparin was used 


CLINICAL DATA 

Expeiimental woik on hepaiin was undertaken in the hope 
substance might eventually' be used clinically for diseases m 
thrombosis in blood vessels presents an unsolved problem ^ ^enoU' 
occurs spontaneously m a large group of cases of diseases of the re 
and arterial systems Such diseases aie followed not 
such complications as embolism, lesulting in devitalization 
and m some cases progressing to gangrene Pulmonary e 

5 Shiono>a, A T Studies in Experimental Extracorporeal 

Effects of Certain Anticoagulants (Heparin Hirudin) on ^5 

Thrombosis and on the Mechanism of Thrombus Formation, J ''Pe 

19. 1927 n,bo u 

6 Solandt, D Y, and Best, C H Heparin and Coronary 
Experimental Animals, Lancet 2 130, 1938 
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one of the dieaded complications, lesnltmg m some cases m sudden 
death and m otheis in piolonged illness with peisistent disability In 
another group of cases, thiombosis may destroy the lesults of suigical 
tieatment of aneui}sms, lemoval of impoitant vessels for invasion by 
tumoi 01 ligation of impoitant vessels, such as the common and the 
internal caiotid aiteiy 

With expel imental evidence to piove that hepaim would pi event 
thrombosis, my associates and I began giving it to patients Former 
attempts by IMason,' j\IcClure and otheis to use hepaiin for blood 
tiansf visions showed that it w'as too toxic to be of practical use How- 
ever, with the purified form of hepaim available, w^e determined to 
make an attempt to use it clinically In the first case, regional hepaiiniza- 
tion thiough the biachial artery was carried out successfully After 
this othei patients w'ere given heparin intravenously, but toxic effects 
weie observed wnth the 250 unit material With furthei purification b}”^ 
Charles and Scott, the cr 3 Stallme barium salt w'as obtained, and this 
was found to be nontoxic The dose w'as increased until, on several 
occasions, a clotting time of one and one-half hours w'as reached wnthout 
ill effects To seveial patients hepaim has been admimsteied at inteivals 
of several months wnthout signs of anaphylaxis 

Aitenal Sutuic — The usual surgical practice wdien a large vessel is 
bleeding is to apply a ligatui e In most circumstances this is all that is 
necessary, and recovery is piompt There are cases, how'ever, in wdneh 
It IS more desirable to lestore the cn dilation if possible With the use 
of heparin, opeiations for repaii of holes in vessels or foi end to end 
anastomosis may be quite successful, as is showm by the following 
group of cases The first case wnll be reported m detail , the others, in 
summary 

REPORT or CASES 

A patient’s arm in the region of the elbow was severely crushed in a motor 
accident Within a few hours the hand w'as cold, dark blue, insensitive (with 
no pulsations at the wrist) and greatK sw'ollen in the antecubital fossa It was 
obvious that the low'er end of the brachial artery had been severelj injured At 
operation it was discovered that the brachial artery about lyi inches (3 2 cm) 
above its bifurcation was torn across completely and the ends separated for a 
distance of V/z inches Both ends were plugged with clot This clot was cleared 
out, and the ragged ends were trimmed off until a sound segment of wall was 
reached With three stay sutures in place, an end to end anastomosis was carried 
out with a continuous suture of silk Heparin was injected into the vessel at this 
time, and a continuous intravenous injection of heparin was carried on for five 
days more The vessel functioned normall> and has continued to do so for one 
and one-half jears The patient is back at his work as a garage mechanic, and 
the arm is normal in all respects This was the tjpe of case in which ordinarily. 
It ojieration were decided on, tlie ends of the v'essel W'ould have been tied From 

7 klason, E C Note on the Use of Heparin in Blood Transfusion, J Lab 

Clin Med 10 203, 1924 
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the amount of injurj' and crushing of the brachiahs anticus muscle and other 
structures, including the collateral ^essels in front of the elbow, it is more than 
probable that gangrene would ha\e super\ened in the hand if the \essel had not 
been repaired 

The extensive collateial cn dilation m cases of aiteriovenousaneiinsni 
allows radical ligation of the mam vessels involved and excision of tk 
aneur 3 rsm if desired With the use of hepaim, however, reconstruction 
of vessels can be earned out successful!}’- if it seems to have any advan 
tage over other methods of treatment We have operated in 3 sucli 
cases, and in all of these the A’essels were leconstiucted with a satisfac 
tory lesult 

In 1 case a bullet passing thiough Scarpa’s triangle had produced 
two arteriovenous aneur 3 ’sms between the superficial and deep femoral 
arteries and then coi responding veins The aneuiysms weie remmed 
and the vessels reconstructed, and heparin was administered mtra 
venousl}’ The cii dilation m the extremit}' has remained normal since 
that time Tvo arteriovenous aneui 3 ’sms (one in the axilla and the 
other in the groin) have been operated on and the lessels repaired 
successfully, with a return to normal of the circulation of the extremities 

In another case, during an opeiation for paitial thvroidectonn 
by an excellent suigeon the common caiotid arteiy on the right side 
was divided acioss just below its bifui cation In this case also t e 
accepted treatment would have been to tie both ends of the carotid arten 
Although this would have been successful in most such cases, there 
IS the danger that m about 25 per cent the patient would have cerehra 
S3’mptoms, with hemiplegia m some instances and death in o les^ 
Under these ciicumstances it was highl}'- desirable to repair the lesse i 
possible to eliminate these dangers 

After the vessel had been trimmed of its damaged portions, ter 
was considerable difficulty in bringing the ends into apposition o 
ever, b}’ flexion, latei al bending and rotation of the neck this was 
phshed With thiee sta}’ sutuies m place, the anastomosis 
out with a continuous line of silk suture Heparin v as injecte^^a 
site of anastomosis, and injection was continued intiavenousy “ 
eial da 3 ’S Immediately after removal of the arteiial clips, t e cn ^ ^ 
tion was 1 estored The patient’s head and neck were supporte 
plastei cast to prevent stretching at the site of the anastomosis ^ 
Avas no evidence of any peripheral oi central gdent 

accident or from the operation for repair of the vessel an t e p 
recovered 

Venous G 7 affs — ^\¥hen accidents or pathologic lesions jjje 

ments of major arterial trunks, the usual procedure is to 
vessels involved The disastrous results sometimes f ollov ^ ^ 

cedures haA’e led surgeons to attempt end to end sutures o 
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involved, and cases have been lecoided in which successful lesults were 
obtained In a laige peiceiitage, howevei, the opeiation has failed 
because of thiombosis occuiiing at the involved aiea In inipoitant 
vessels, such as the internal caiotid ailei}, the aoita and the majoi 
trunks to the extiemities, disastei sometimes follows obhteiation of 
the vascular trunks The lesults of expeiiments with sutuie of aiteiies 
and the use of venous giafts weie so satisfactory that it was hoped 
that these principles might be applied to human beings Aftei a suc- 
cessful experience in 1 case, mv associates and I piopose, in suitable 
cases, to repair vessels with venous giafts when they cannot be sutuied 
end to end 

The clinical case in vhich our experience of venous grafting was obtained 
was one of popliteal aneurjsm The swelling was enlarging rapidlj and gave the 
impression that it would burst The leg was paraljzed, there was a great deal of 
pain, and the circulation below the knee w'as impaired The pulses at the ankle 
w'ere weak compared with those on the opposite side 

On renioial of the aneunsnial sac at operation a gap of 3J4 inches (8 2 cm ) 
was left between the ends of the popliteal arterj Ihe arlerj was degenerated and 
dilated, and the w'all was thickened These changes were much more marked m 
the proximal than in the distal segment It was appreciated that the collateral 
circulation would probably be sufficient to prevent gangrene of the foot, but 
the high incidence of gangrene following ligation of the popliteal arterv was 
also considered As this seemed a suitable case m which to attempt a venous 
graft, the external jugular vein on the right side was removed This specimen was 
considerably smaller than the arterj, and it was appreciated that it was not an 
especially suitable graft in this particular case Anastomosis was earned out 
between the venous graft and the segments of the artery There was a great 
disparity in size between the artery and the graft, and it was necessary to stretch 
the graft greatly to complete the anastomosis It was feared that the stretching 
necessary to make the vein reach the size of the artery would damage its wall 
Moreover, the aneurysm had excavated the tissues on the popliteal surface of 
the femur, so that the graft on this surface was stretching across an open space 
which ultimately would become filled with blood clot On its superficial aspect, 
viable tissues were closed to give it support Heparin was injected into the 
segments of the artery and the graft, and the clips on the artery were removed 
Immediately the circulation returned to the foot, and there was distinct and 
forcible pulsation in the vessels at the ankle The graft when fully distended was 
less than half the size of the adjacent segments of the artery However, the cir- 
culation was earned on quite satisfactorily through it The patient was given 
Iieparin intravenously to keep the clotting time at a level of about fifteen minutes 
for two weeks (fig 6) 

The circulation remained normal in the foot for two and a half weeks after 
operation At this time the patient rather suddenly noticed a recurrence of pain 
in the popliteal space With a stethoscope a bruit could be heard distinctlj, and 
the pulsation of the vessels in the foot was less distinct than formerlj It was 
obvious that another aneursjm had occurred The popliteal space was again 
explored There was a large false aneurysm, the w’alls of which were removed 
The venous graft and segments of the arterj were exposed These were normal 
in every respect, and the circulation was being carried on The wall of the venous 
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graft was thicker than at the original operation, and it showed the changes 
which our experience with animals had led us to expect The only defect was ai 
an area about J«ch (0 6 cm ) distal to the proxinnl suture line Here the 
wall of the venous graft on its anterior surface had bulged, forming a small 
aneurysm about §4 inch (1 8 cm ) in diameter At one point this small aneurvsin 
had given way, and through this opening it communicated with the false aneurjsni 
When this opening was occluded and the circulation allow'cd to return, there was 
normal pulsation in the \essels of the foot, and the pulse could be demonstrated 
m the venous graft and in both segments of the artery With clips on the scg 
ments of the artery, a probe could be passed through the opening in the aneurysm 
and through both suture lines , there was no obstruction or stenosis (From the 



Fig 6 — Stages of resection of an aneury'sm and application of a 
in the popliteal artery in a clinical case 


f. gi\cn ww 

evidence found at operation it w’as obvious that the venous grait ^ 
at a point at wdiich it had been overstretched On another occasion 
vein, matching the size of the artery' more accurately, will be use 1 ^ 

We were m doubt whethei the graft should be 
arteries ligated It was decided, however, to repair the an^^^ 
Flaps were cut in such a fashion that the lumen of the 
maintained and the aneur3'sm repaired When circulation i'* 
after this, there yvas excellent pulsation m the graft an fli!. 

segment of the arteiy, although this was less forcible than 
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patient was again hepaiinwed The cii dilation in the foot lemained 
noimal, and at the time of wiitmg, fouiteen months aftei the opeiation, 
the patient is able to do light work 

This was a most instinctive case, as it demonstrated the possibility 
of using a venous giaft to bridge a gap m an artery in a human being 
It showed that the giaft survives when the patient is treated with 
heparin, that its wall becomes thickened and that stenosis does not occui 
at the suture lines The failuie of a small area of the giaft was probably 
due to the oversti etching which was necessary to make the vein fit the 
ai tery 

Even if such a giaft functioned foi only a few days it might ovei- 
come the dangers lesulting from acute failure of circulation, undei 
many conditions Thei e is evidence, howevei , that the gi aft may sui vive 
and function indefinitely 

Mcscutcjic TJn oinbosis — Whatevei the undeilying cause of mesen- 
teric thrombosis ma}'’ be, the most impoitant pathologic change associated 
with the disease is thrombosis of mesenteiic vessels As this continues 
to spread even aftei resection, the moitality rate foi this disease is 
high It appeared, therefore, on the expeiimental evidence, that hepaiin 
might be of value in preventing the spread of thrombosis m this disease 
In 6 cases m which there was gangiene requiring lesection of fiom 18 
inches (45 cm ) to 7 feet (2 meteis) of bowel, hepaim was given 
immediately after the operation According to the experience of the 
suigeons operating m these cases, none of the patients would have 
suivived It IS interesting, therefore, to repoit that the fiist 4 aie 
still alive and well more than a yeai aftei their operations In the case 
of the fifth the diagnosis was made late m the course of the disease The 
patient died twenty-four hours aftei lesection of the bowel At post- 
mortem examination there was no extension of gangrene, and the 
peritoneal cavity was normal , the patient had died of bilateral broncbo- 
pneumonia In the sixth case, 7 feet (2 meters) of the terminal portion 
of the ileum, the cecum and the ascending colon was resected because 
of extensive gangrene with grayish, sloughing, foul-smelling bowel with 
peritonitis alieady m a fairly advanced stage The patient lived nine 
days , at postmortem examination there was no extension of the gangiene 
in the bowel, and, although the patient died of peritonitis, it was the 
pathologist’s opinion that the condition had peisisted fiom the seiious 
peritoneal infection which was present at the fiist opeiation 

Considering the high mortality from this disease, it probably is a 
significant fact that the first 4 patients of this series lecovered without 
complications and are still alive and well The next 2 died of late 
complications of the disease and not of extension of thionibosis m the 
mesenteric vessels This evidence would indicate that when tlieie is 
sufficient gangrene of the bowel to lequiie suigical lesection m cases of 
mesenteiic thrombosis it would be a great advantage to use heparin 
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immediately after the operation associates and I coiitmue injection 
of Iiej^ai in foi peiiods vaiying fioni ten da)'s to ti\o iieeks keeping 
the clotting time of the blood between fifteen and twenty minutes 

Splenectomy — ^^¥lth experimental and clinical evidence that hepann 
IS eftective in the portal system, it was thought that it might be u ed 
to pierent portal and S3''stemic thrombosis following splenectoim In 
certain diseases (such as familial jaundice) for vhich splenectoiin i' 
done, the moitalit)^ late is high because of portal thrombosis Weliaie 
given heparin postopei ativelj to a group of 8 splenectomized patient" 
While this gioup is too small fiom nhich to dran conclusions it iia" 
Intel esting to note that m none did thiombosis develop m am tonii 
Fiom oui knowledge of the effect of hepann m preienting thronibo'!- 
it would seem advisable to gne hepann postopeiatnely to splenectomized 
patients m whom thiombosis is likelj to occui 

Blood Tiansfiisions — A laige numbei of blood tiansfusioiib baic 
been done with the use of hepann as an anticoagulant It has been 


given to the donor so that the blood may be diawn without clotting 
In some cases the hepann has been added to the diawn blood It tbs 
blood IS to be given immediatel) to the recipient from 1 to V/y units ot 
hepann pei cubic centimetei of drawm blood is sufficient The smil! 
amount necessan is inexpensive compaied with some of the other anti 
coagulants in use 

Emholectamy — Clinical expenence has shown that unless an einbolu 
is lemoved fiom a penpheial aiteii within ten or twelve hours tie 
prognosis is not good The lesults of this opeiation are increasingh laf 
with fuithei lapse of time MoreoAei even in the eailier phases 
aie due fiequentlj^ to a thiombus obliterating the lessel either at tie 
operative site oi wdiei e the embolus is lodged The w eakeiied con iW^ 
of the patient with chronic heart disease, high lenous pressure or ^ 
blood pressuie contnbutes to the foimation of a thrombus 
thought, therefore, that hepann might be of gieat value in this op".ra ' 

Tw^eAe aitenal embolectomies have been done and 
postoperative!}’- In all cases this procedure wms successful if the in^^^ 
w’as cleared completel)'- and the circulation restored Heparui 
injected into the vessel at the site of operation and the u 

continued iiiti avenously for from three to fourteen dais 
cases the vessels remained patent, and the cnculation has eon 
tamed in the extremities . „ 

Two of the patients died at different intervals after the 

In 1 case autopsy enabled us to prove that restoration of the circi 

had taken place This patient had been operated on tw ent) ^ 

after the first appearance of sjunptoms of embolism iniolMiij, 

common iliac and the femoral aitenes The emboli were renioi 

f f1iP 

moderate difficulty, as they tended to stick to the intima o 



MURRAY— HEPARIN FOR BLOOD VESSELS 


321 


Heparm was injected locall)’’, and when the clips were removed the 
circulation returned quickl}’- to both feet The clotting time of the blood 
was kept at twenty minutes for two w'eeks, then heparin was discon- 
tinued The circulation remained normal in the feet, and the patient 
made an excellent recover)’' The patient died later of other lesions 
The aorta and the vessels going to the legs were recovered These were 
all perfectly clear, with no sign of thiombosis or clots either at the 
operative site or in the areas where the emboli had lodged The incision 
through which the emboli veie removed was perfectly healed A photo- 
micrograph of the tissue through which the incision had been made 
showed the intima to be healed perfectly, with no sign of thrombosis or 
clotting In the other case in u hich the patient died twenty- four hours 



Fig 7 — Common, superficial and deep femora! arteries removed twenty-four 
hours after embolectomy m a clinical case The suture line is firm and smooth, 
uith no sign of thrombosis or clot 

after the operation, the vessels were quite clear, with no sign of throm- 
bosis or blood clots The suture line was intact (fig 7) 

Although in most cases of peripheral embolism blockage is incomplete 
and in others there is sufficient collateral circulation, gangrene of the 
extremities often develops, necessitating amputation Many patients 
respond to treatment with the pavaex machine, but in my experience 
this device will not prevent gangrene in all cases It is suggested, 
therefore, that if operation is done within the first twenty-four hours 
and combined with the use of hepann better results may be expected 
Phlebitis — ^Although phlebitis is considered b) some to be a “medical 
disease,” its incidence as a postoperative complication only too often 
brings it to the surgeon’s notice The striking improvement of the 
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symptoms of this disease under tieatment with heparin probably war 
rants a shoit discussion of the subject Unquestionably there is a 
considerable difference in cases of thrombophlebitis Thrombi occurring 
m varicose veins probably have a different oiigin from those obsened 
111 cases of phlegmasia alba dolens It was with extreme interest 
therefore, that my associates and I watched the course of patients 
with this disease It was observed that the earlier heparin was admin 
istered after the beginning of an attack of phlebitis, the more effectne 
was the ti eatment Although there is great variation in the course in 
diffeient cases of thrombophlebitis, we were impressed by the fact 
that the recovery was more rapid and more complete in patients treated 
with hepaiin than in a group of controls Within a few hours, the 
symptoms weie much improved, pain was diminishing or had disap 
peared and the temperature had begun to fall and within a few dajs 
had returned to noimal The edema began to recede within one or two 
days and frequently disappeared completely within a week or ten days 
Although it IS too eaily to judge the end results, there has been less 
persisting edema than in the control group Pulmonary embolism, the 
common complication occur ring m 15 per cent of 300 cases, did not 
occur in 81 cases in which heparin was used In 5 cases of migrad”? 
thrombophlebitis the symptoms disappeared more slowly than in cases 
of the more acute forms of the disease In 3 of these cases there were 
recurrences of the disease within a few months 

It is uncertain why heparin should produce these effects on throm o 
phlebitis The only effect that heparin could have is to prevent extension 
of thrombosis It is possible, therefore, that the healing of the esio^ 
already present is allowed to take place and that with 
extension of the process the active inflammation recedes and tie sjn 


toms disappear with it v a 

The treatment in these cases was carried out as in the ot 
continuous intravenous injection, the clotting time of the oo ^ 
kept between fifteen and twenty minutes After the first t iree 
days, when the acute symptoms had disappeared, the patient w^as 
aged to exercise actively in bed, and within an average of g[ 

the beginning of treatment the patient was encouraged to si ^ 
bed and do active leg exercises with weight bearing ,niptoif=’ 

was continued during this period If no untoward signs or 
developed by the second or third day he was out of be , t ^ 
was discontinued and the patient was discharged from t e^^ 

Most of the patients in this group of 81 cases were disc 
SIX to fourteen days of the beginning of treatment for acu e 
phlebitis Except m the cases of migrating thrombophle 
not been a recurrence of the disease in two and one-ha jjebiti , 

Considering the gi eat variation m different cases of in a 

it might be expected that many of our patients xvould have rec 
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short time without heparin tieatment However, we were gieatly 
impressed by the seriousness of the disease in many of the cases, and it 
was amazing to see the patients lecoveiing and out of bed in such 
short periods Whether heparin had a specific effect is difficult to detei- 
inine, but these patients have returned to noimal activity m a consid- 
erably shorter time than the average foi a (laiger) group of control 
cases 

Tin oinbopjilebitis and Pnhnonaiy Embolism — Encouiaged by the 
spectacular lesults in patients with thrombophlebitis, we decided to try 
heparin for a group of patients with pulmonaiy embolism It was 
realized that when pulmonar}" embolism develops large areas of the 
peripheral venous s}Stem ma)’^ still contain thrombi, which may be 
discharged to repeat the accident at any time As heparin has no effect 
in dissolving the clot, it cannot affect the thrombi m any way Because 
other forms of treatment are so ineffective and Trendelenbuig’s opera- 
tion is such a serious one, with relatnely few recoveiies to date, it was 
considered worth while to give heparin a trial Up to the piesent time, 
29 patients \\ith massive pulmonary embolism have been treated with 
heparin These patients all presented the usual pictuie of the disease, 
with sudden onset, marked collapse and rapid pulse Seveial had mul- 
tiple embolisms with infarcts which weie demonstrated on clinical and 
roentgen examination Heparin therapy was instituted at intervals of a 
few hours to several days after the attack The results were surprisingly 
good Of the 29 patients, none have died of embolism, although death 
seemed imminent for some The dyspnea and other signs of the disease 
improved rapidly, and within twenty-four hours all the patients stated 
that they were improved From that time on the symptoms rapidly 
disappeared With one possible but unproved exception none of the 
patients had further emboli With this disease, as with thrombophlebitis, 
it IS impossible to pi edict the outcome, as it is well known that 80 per cent 
of patients recover In this group, howevei, the involvement in many 
of the cases was serious, and, judging from our expeiience with the 
disease, was of the type for which the prognosis is extremely bad It 
IS possible that the psychic effect of some active form of treatment was 
important, but this factor is difficult to evaluate 

The treatment cairied out in this group was similar to that in cases 
of uncomplicated thrombophlebitis The patients were encouraged to 
exercise m bed after the third day and were allowed out of bed at 
periods varying between six days and two weeks 

Two other patients who were treated with heparin died, and post- 
mortem examinations were made The first died of general peritonitis 
following a partial gastrectomy, and thrombophlebitis and pulmonary 
embolism occurred as postoperative complications At autopsy the 
infarcts of the lungs were seen to have been resolving, and there was 
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no lecently formed clot or thiombus either in the pulmonary vessels 
or in the peripheral venous system An area in the left common, 
external iliac and femoral veins, the region of which was obviously the 
site from which the embolus had come, showed some remaining thrombus, 
but this was firmly attached to the wall of the vein In the second case 
the patient i ecovered after treatment with heparin and was well for four 
months After this obstruction of the small bowel developed as a 
result of postoperative adhesions It was discovered also that he had 
an actively bleeding duodenal ulcer As this was a positive contraindi 
cation to tieatment with heparin, the substance was not administered 
on this occasion At autopsy in this case it was demonstrated that the 
patient had died of obstruction of the small bowel There were scars 
of the previous embolisms which had healed on treatment with heparin 
Recent pulmonary emboli had occurred during the last illness, when it 
was considei ed unwise to give him treatment with heparin because of 
his bleeding ulcer 

While oui experience with heparin m cases of pulmonary embolism 
IS limited to this relatively small group of cases, the effect has been so 
striking that we are encouraged to continue its use in future cases 

Postopeiatwe Hepanmsahon — ^As pulmonary embolism is one of 
the commoner postoperative complications, it was decided to treat a 
group of patients with heparin in an attempt to prevent this Four 
hundred and forty patients have been given heparin, the clotting time 
being increased to between fifteen and twenty minutes None of t ese 
had thrombosis at the site of injection even though the steel needle was 
left in for periods varying between a week and two weeks No 
bosis 01 embolism occurred m any patient who was free from i 
the beginning of treatment, and in those who had thrombosis there vas 
no extension of the process Obviously this is too small a group 
cases from which to draw conclusions, but it is significant that c^es ^ 
many of the conditions in which thrombosis and pulmonary em ° 
tend to develop were included in this group 


SUMMARY 


Heparin was discovered by Howell,^ who showed it to 
coagulant Further purification was carried out by Best and } 


coagulant rurtner punncarion was eaiucu uul 

and Scott Experiments by Murray demonstrated that it wou P 


thrombosis 

The purified form of heparin has been shown to be ° 


J. lie puiiiicu luiiii 111 iii-|jciijii — show 

animals In many operations on veins and arteries it has een Yenoiis 
prevent thrombosis and clotting until healing has taken p 
grafts m arteries hav^e been kept patent by its use and hate 
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In 440 patients in the hospital treated with heparin, thiombosis and 
embolism did not occur Patients with thrombophlebitis weie thought 
to be improved by the treatment Striking improvement was observed 
in a group of patients with pulmonary embolism, with 1 possible but 
unproved exception, none of these patients had further embolisms, and 
none died of pulmonary embolism Embolectomies were successful in 
12 cases when heparin was used In 1 case a venous graft was placed 
in an arter}", this lemamed patent and functioned satisfactorily It is 
suggested that heparin is a most important agent for pievention of 
thrombosis when operation for repair of blood vessels is undertaken 
Heparin might also be used to advantage for diseases m which throm- 
bosis and clotting in the blood vessels occur 

Prof C H Best collaborated with me in this work Mr L B Jaques, Dr 
T S Ferret, Dr R Wilkinson and Dr R MacKenzie furnished assistance 
Financial help was given bj grants to these assistants bj the Banting Research 
Foundation The heparin used in the earlier stages of the w'ork was donated by 
the Connaught Laboratories Mr J S McLean provided financially for the 
supply of heparin used in these experiments during the past year 



INFLUENCE OF TEMPERATURE ON THE DEVELOP 
MENT OF GANGRENE IN PERIPHERAL 
VASCULAR DISEASE 
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The fact that heat is brought to the extremities by the flow of blood 
IS generally recognized The temperature of the part has come to be 
accepted as indicative of the state of circulation to the tissues When 
the hands or feet are cold, it is natural to believe that the blood suppl} 
IS reduced Similarly, warmth of the parts indicates adequate blood 
flow 

It has long been established that the circulation to the evtreniities 
IS increased by the application of heat and decreased when cold is applied 
Quantitative studies ^ have demonstrated the relationship between ele 
vated temperature and increased flow of blood Since warmth of tie 
extremities is closely related to the circulation and since it is recognize 
that the blood flow may be increased by the application of heat it is 
natural to attempt to coirect the cold due to inadequate circulation ' 
applying heat 

Patients with impaired circulation often complain of the coldness 
of their extremities The pain which is associated with the 
insufficiency is frequently relieved by keeping the parts vaim an 
inci eased when they are cold Under such circumstances it is P™ 
that the vasoconstriction brought about by the low temperature re 
the circulation Waimth, which allows the vessels to relax, is o 
by an increase m the flow of blood sufficient to supply the nee s o 
tissues 


Cl 1 nf ^fedlCl^ft 

From the Harrison Department of Surgical Research, Sclioo 
Universit}^ of Pennsylvania jjlood 
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Freeman, N E The Effect of Temperature on the Rate of ^oo 
the Normal and in the S 3 mpathectomized Hand, Am J Ph 3 Sio pgactioa 
(e) Kunkel, P , and Stead, E A , Jr Blood Flow and ^asomoto ^ j 
in the Foot in Health, in Arteriosclerosis, and in Thromboangiitis 
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These needs, ho^^evel, aie dependent on the metabolic rate It is 
\\ ell known from experiments on cold-blooded animals - that the metabo- 
lism IS inci eased by ele^atlng the tempeiatuie It is piobable that a 
similar lelationship between metabolism and tempeiature exists m the 
tissues of waim-blooded animals Extiemities which aie cold, there- 
fore, probably haA'e a low metabolism Although the vasoconstriction 
\\hich lesults tioin the cold may be lelieved by the application of 
warmth, the tissue metabolism will be increased at the same time In 
patients with noimal blood vessels the more lapid circulation pioduced 
by heat will be able to caie for the inci eased metabolic needs When 



Fig 1 — Effect of increasing the temperature of a bath in which the hand 
ivas immersed, on the lolume flow of blood through the hand Tw'entj-five 
determinations of blood flow were made on the same patient on fire successne 
da\s 

theie is organic occlusion of the blood vessels so that the capacity for 
dilatation is limited, the circulation may not be able to develop to the 
extent required b}" the elevation of tissue metabolism Under such 
circumstances the disci epancv between the needs and the blood supply 
of the tissues may actually be mci eased by the application of heat 
From this standpoint the absolute blood flow is not the criterion of an 

2 Krogh, A The Respiratorr Exchange of \nimals and Man, London, 
Longmans, Green S. Co , 1916 
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adequate cnculation It is the blood flow m i elation to the metabolic 
needs of the tissues which is of significance A diminished blood supph 
which is quite adequate for tissues with a low metabolism may be made 
quate if the local metabolism is elevated 

Gangrene has been defined as “the dying of tissue due to interference 
with local nutrition ” It is i eadily understandable that gangrene should 
result from complete occlusion of the blood supply Examples of tins 
condition are to be found m peiipheral embolism or in major arterial 
thrombosis associated with Buerger’s disease or arteriosclerotic gangrene 
The blood supply ma)^ also be obstructed by extreme vasoconstriction 
as in Raynaud’s disease When the occlusion of the arterial supply is 
partial, the possibility of mciease in the blood flow is limited The 

U 

H 

a 

z 

ie 



Fig 2 — Effect of changes in local temperature on the volume 
through the sympathectomized hand (upper curve) ten days after sjmp 
and through the same hand (lower curve) six months later 

needs of the tissues are then of prime importance and may 
whether or not gangrene will occur Gangrene, from this s an 
will occui as the result of a discrepancy between the local enw 
the tissues and the supply of blood available to meet these nu 
needs In a study of the effect of temperature on the pro 
gangrene it is therefore necessary not only to determine v 
influence the rate of blood flow but also to ascertain the e ec 
these factors exert on the local metabolism ■“ oeratur^ 

The quantitative relationship between blood flow an ^,25 

not only m the normal but also in the sympathectomize jp,j.otigb 
investigated in a study previously reported The circuai^^ 
the hand was measured by the plethysmographic technic 0^ 
and Van Zwaluwenburg with the hand immersed m water a 
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tenipeiatuies It was found that as the temperature of the bath m which 
the hand ^^as imineised was gradually increased there occuned a rise 
111 the rate of blood flow, as shown in figuie 1 Immediately after 
sympathectomy the circulation was stabilized, but six months later the 
flow was found to vary directly with the temperature The relationship 
between blood flow and temperature m the sympathectomized hand is 
illustiated m figuie 2 This observation has been repeatedly confirmed 
The absence of regeneration of vasomotor fibers was checked by appro- 
priate tests 

It has long been recognized, since the work of Roy and Brown,^ 
that the tissues exert an influence on their blood supply in such a way 
as to increase the circulation m accordance with the metabolic needs 
The increase in blood flow thiough working muscles was recognized b}" 



Fig 3 — Effect of changes in local temperature on the “reactive hyperemia” 
which resulted after release of a tourniquet which had occluded the circulation 
to a sj mpathectomized hand for ten minutes at each of three temperatures The 
excess of blood flow above the basal flow was measured with a plammeter 

Chauveau and Kaufmann ^ in 1887 If the circulation is temporarily 
occluded, a marked increase follows release of the tourniquet This 
reaction was first described b)" Cohnheim ® m 1872 and was studied 

3 Roj, C S, and Brown, J G The Blood-Pressure and Its Variations 
in the Arterioles, Capillaries and Smaller Veins, J Physiol 2 323, 1879-1880 

4 Chauveau, A , and Kaufmann, M Experiences pour la determination du 
coefficient de I’activite nutritive at respiratoire des muscles en repos et en travail, 
Compt rend Acad d sc 104 1126, 1887 

5 Cohnheim, J Untersuchungen uber die embohschen Processe, Berlin, 
A Hirschwald, 1872 
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by Roy and Bi own,® by Lewis and Grant “ and by Montgomery, Moore 
and McGumness ’’ They observed that the extent and the duration of the 
reactive hyperemia, i e , the increase m blood flow after release of tlie 
occlusion, was dependent on the duration of the circulatory occlusion and 
on the tempei atui e at which the part was maintained Lewis and Grant ' 
referred to this phenomenon as a “repayment of a blood flow debt” 
studied the quantitative aspects of this reaction in the synipatliec 
tomized hand with the temperature stabilized at different levels It was 
found m 17 experiments on 5 persons that whether the length of the 
occlusion was varied from t\\ o to twelve minutes, or whether the rate 
of the blood flow was altered by changing the local temperature, the 
equivalent of the debt was repaid Figure 3 illustrates the response 
111 a subject which resulted after occlusion of the circulation for ten 
minutes at each of three temperatures The excess blood flow over the 
basal level was measured, and the total “repayment” was found to 
approximate the established “debt ” 

Further studies showed that the observed quantitative relationship 
held only for short dui ations of occlusion and at the lower temperatures 
When prolonged deprivation was tried, the repayment far exceeded 
the debt Pam was produced, especially at the higher temperatures t 
seemed as though, with piolonged occlusion, the physiologic nature o 
the reaction was altered and a pathologic condition was produced Em 
deuce for this belief was afforded by the appearance of petechial liemor 
rhages in the skin when the hand was deprived of arculation for 
minutes at 40 C (104 F ) The inflammatory reaction of tissues in an 
extremity which has been the site of a major arteiial occlusion \m 
vascular insufficiency foi an extended period of time illustrates a con 
parable phenomenon . 

These observations gave support to the concept originallv a 
by Roy and Brown ® that the vasodilatation was brought about ei 
by some stimulus acting directly on the walls of the vessels, or m 
on these through the medium of nutritive changes of the tissue e em 
Since a quantitative relationship was observed between 
duration of circulatory arrest and subsequent vasodilatation, it se^ 
likely that the circulation through the sympathectomized hand 
temperature stabilized was modified by the metabolism of tie i 

Further evidence for the peripheral control of the circu a i 
sought in determinations of the blood flow through ° y pqJ 

paws of dogs together with analyses of the arterial and venous 

6 Lewis, T, and Grant, R Observations upon Reactive H'PS 

Man, Heart 12 73, 1925 c Reacti'f 

7 Montgomerj , M L , Moore, J M , and McGumness, J Q^culat^i' 
H}'^peremia Relation of Duration of Increased Blood Flow to Lengt i o 
Arrest, Am J Phv siol 108 486, 1934 
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for oxygen and cai bon dioxide ® It was found that in any one experi- 
ment the cn dilation vaiied directly with the teinperatme, although the 
difference between the arteiial and the venous blood m respect to oxygen 
and carbon dioxide contents lemamed constant With increase m local 
temperature an mciease in local metabolism was therefore demonstrated 
The blood flow inci eased simultaneously to care foi the increased needs 

These obseivations were made m sympathectomized areas, which 
were free from vasomotoi contiol, and the question may be raised 
whethei they are applicable to tissues which are subject to vasomotoi 
control The contiol by the tissues of the quantity of blood supplied 
to them would appeal to be a fundamental pioperty on which the vaso- 
motor regulation was imposed to relate the supply to any tissue to the 
needs of the body as a whole Since the increase of circulation with 
elevation of local temperature was observed m the noimal hand, and 
since the phenomenon of leactive hyperemia was also found in the 
presence of an intact vasomotor supply, it is piobable that the same 
fundamental relationship between tempeiatuie, metabolism and ciicula- 
tion holds for the noimal tissues also 

Since heat produces an elevation of the metabolism of the tissues, 
its use to promote an increase m circulation must be viewed from the 
standpoint of the functional capacity of the vessels If there is organic 
obstruction to the flow of blood, the increase m tissue needs occasioned 
by the elevation m temperatuie may be gi eater than any possible 
improvement in circulation An additional source of injury is pie- 
sented by the fact, pointed out by Starr.® that the impaii ed blood supply 
will not be able to carry oft the additional heat supplied from without, 
so that the temperature of the tissues rises to heights which are in 
themselves injuiious 

In his discussion on the use of heat in the local tieatment of periph- 
eral vascular disease Stair® made the comment “It is well known that 
'baking’ a foot with undiagnosed peripheral vascular disease may cause 
gangiene I have seen 3 instances The possibility of damage fiom 
more model ate overheating may well be gi eater than has been realized ” 
The incidence of gangrene following application of a tourniquet in 
Allen’s experiments was greatly increased even by moderate elevation 
of temperatuie 

8 Freeman, N E , and Zeller, J W The Effect of Temperature on the 
^’^olume Flow of Blood Through the S\ mpathectomized Paw of the Dog with 
Obseriations on the Oxigen Content and Capacitj, Carbon-Diovide Content, 
and pn of the Arterial and Venous Blood Am J Ph\siol 120 475, 1937 

9 Starr, I, Jr On the Use of Heat, Desiccation and Ovjgen m the Local 
Treatment of Ad\anced Peripheral Vascular Disease, Am J if Sc 187 498 
1934 

10 Allen, r M Experiments Concerning Ligation and Refrigeration in 
Relation to Local Intoxication and Infection, Surg, Gmicc & Obst 68 1047, 1939 
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The influence of temperatuie on pain and cyanosis was studied b) 
Starr® in 11 patients He found that the optimum temperature for 
relief of pain and improvement of color lay somewhere between 30 
and 34 C (86 and 93 2 F ) These observations were fully confirmed 
by our experience In 8 patients with obliterative vascular disease, 
even though no open lesion was present at the time of observation, a 
tempeiature of 42 C (107 6 F ), which was reached by gradually heat 
mg the bath m which the extremity was immersed, either brought on 
or increased the local pain and always increased the cyanosis Certain 
patients could not tolerate even temperatures of 35 C (95 F ) In 1 
patient it was of particular interest to observe that the pain experienced 
in the Anger at 40 C (104 F ) peisisted for two minutes after the hand 
had been removed to the room air After reproducing the pain b) a 
second heating, it was relieved in fifteen seconds b}'' immersion of the 
hand in cold water 

Although pain in peripheral vascular disease is frequently aggravated 
by cold and relieved by warmth, there are some patients who will 
comfort by uncovering their feet Their objection to the application 
of heat IS significant The discomfort of unregulated heat is complained 
of Two patients have recently been observed in whom after occlusion 
of the femoral artery heat was applied directly to the leg by means of a 
baking cradle In each instance extensive gangrene of the foot deve 
oped, and the anterior surface of the leg which was more exposed to 
the radiant heat showed the more intense reaction Next to those whose 
gangrene is due to infection and the necrosis which results from 
application of a strong antiseptic, the greatest number of patients wi 
gangrene who are seen in the clinic for peripheral vascular disease 
seem to have had their trouble precipitated by the injudicious applwahon 


of heat . 

What IS the optimum temperature foi an extremity which is 
seat of occlusive vascular disease ^ It is well known that cold pro u 
vasoconstriction both through reflex action of the 
system and directly through its action on the smooth muscle of t e 
vessels It is desirable, therefore, to avoid cold if possibe, un 
temporary refrigeration of the part is desired before j 

suggested by Allen On the other hand, according to the 
concept, heat is harmful Each patient probably has a specific 
dependent on the capacity of his vessels to supply blood to 
Again, the metabolism of the part is conditioned by the presence ° 
tion The oxygen-carrying capacity of the blood is also of sigm 
With so many variables, it is impossible to give any definite 
the optimum temperature In general, it may be said that tne 
ture should be maintained at the highest level which does not m 
the circulatory discrepancy as shown by cyanosis and pam 
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Inspection of figure 2 indicates that the curve for the increase m 
blood flow -sMth rising temperature ascends sharply at temperatures 
higher than 30 C (86 F ) From this point upward, there is a lapid 
increase It is better to maintain the temperature of the air about the 
foot somewhere bet^\ een 30 and 34 C (86 and 93 2 F ) With gangrene 
or Mith gangrene impending, the temperature must be kept at a lower 
figure 

When wet dressings are indicated, their temperature should be care- 
fully controlled, since heat can be more readily deliveied to the tissues 
b) hot nater than by hot air It has been our practice to apply hot net 
compresses to the inflammatory area abo\e the zone of potential 
gangrene but to apply moist dressings at room temperature to the distal 
parts 

Many devices ha\ e been suggested for the regulation of the tempera- 
ture of the environment about an extremity affected nith occlusne 
vascular disease Starr and Sevringhaus devised excellent thermo- 
regulated cradles The only drawbacks are the expense of these ciadles 
and the difficulty of accurate regulation The simplest one which I haA e 
found IS that suggested by Montgomery and Starr The thermostat is 
calibrated from 85 to 105 F My associates and I have encountered no 
unfortunate reactions in the past two years using these thermoregulated 
cradles 

SUMMARY 

Gangrene results from a discrepancy between the demands of the 
tissues and the supply of blood to meet these nutritional needs 

Experimental investigations of the effect of temperature on the 
volume flow of blood through sympathectomized extremities indicate that 
the circulation is conditioned by the metabolic requirements of the 
tissues 

The metabolism of the tissues increases directly with the temperature 

In the presence of organic occlusive vascular disease, the application 
of unregulated heat may precipitate gangrene, since it may increase 
the metabolism of the tissues more than it increases the ciiculation 

Use of a thermoregulated cradle of simple construction is suggested 
in order to maintain the environmental tempeiature at the desired level 

11 Starr, I , Jr A Thermoregulated Foot Cradle for the Treatment of 
Peripheral Vascular Disease, Proc Soc Exper Biol & Med 29 166, 1931 

12 Sevringhaus, E L A Constant Temperature Foot Cradle, Am J M Sc 
187 509, 1934 

13 Montgomerj, H, and Starr, I Four Pin siotherapeutic Deuces for the 
Treatment of Peripheral Vascular Disorders, Am J AI Sc 197 485, 1939 
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Recent ad^ances in the management of arterial insufficienc} in 
extremities have come largel}' as a result of better understanding of 
the pathologic physiology of the peiipheral circulation and recognition 
of the moie important factors which alter the delicate functional balance 
m the peripheral vascular bed Distuibances in the peripheral circii 
latory balance greatly intei fere with the natural ability of the vascular 
system to respond properly to the usual physical changes in the environ 
ment 

Active inflammation of the aiteiies or the veins in an extremity ina) 
provoke vasomotoi instability in the entire limb and occasionally m all 
four extremities In the early'^ stages of peripheral angiitis, abnormal 
susceptibility to mild degrees of cold may be the only clinical eiidence 
of inflammatory involvement of the arteries and veins , yet if the true 
nature of such an underlying process is not recognized or if adequate 
therapy is delayed too long, serious structural changes m the a ece 
blood v'^essels are certain to take place We believe that careful 
of circulatory efficiency m the extremities, made under con r 
conditions of temperature and humidity,^ will usually enable the chnicia 
to estimate satisfactorily how much of the circulatory embarrassm 
IS due to reflex vasoconstriction, as well as how much actually res 
from structural changes m the peripheral arteries 

After a major or a secondary artery of an extremity has beco^ ^ 
obliterated by inflammatory changes m its wall or by formation 
blood clot within its lumen, the chance to restore its normal vinc^^ 
has been lost When circulatory insufficiency in the 
ent as the result of such structural changes in the arteries, a 

From the Department of Surgery of the College of Medicine, the Un 
of Cincinnati, and the Cincinnati General Hospital . (jlsn. 

1 Herrmann, L G Clinic on Peripheral Vascular Diseases, n em 
3 171 (Sept) 1937 
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peutic efforts must be directed towaid promotion of a moie active flow 
of blood through the existing collateral arteries if any permanent 
increase in nourishment of the tissues of the distal parts of the extrem- 
ity is to be brought about 

The vasomotor instability which occurs duiing the early phases of 
thromboangiitis obliterans is well known Some years ago it was con- 
sidered so impoitant in the symptomatology of this pathologic entity 
that “sympathetic ganghonectomy” or ramisection was suggested for 
its relief At present most students of this problem believe that such 
operations accomplish only a little moie than can be accomplished by 
much simpler means , therefore the practice of perfonnmg a sympathec- 
tomy for this condition has been abandoned by most surgeons 

In clinical practice one may observe a great vaiiety of bizarre vas- 
cular disturbances, most of which cannot be classified accurately m 
the light of present knowledge Rational tieatment, therefore, may 
become extremely difficult or even impossible Careful analysis of the 
obscure vascular problems presented frequently brings out the fact that 
the clinical picture is actually the result of several different distur- 
bances Since the true cause of any of the major peripheral vascular 
diseases has never been established, it becomes doubly important to 
recognize the major factors which contribute to vasculai insufficiency 
in the extremity of any given patient and to direct the intensive treat- 
ment along known physiologic lines 

Since 1932 we have been interested m detei mining the various fac- 
tors which cause high grade peripheral vasoconstriction and particular^ 
in determining the various ways by which such secondary vasocon- 
striction can be altered for therapeutic reasons 

SECONDARY VASOMOTOR INSTABILITY 

Most wolkeis 111 the field of peripheral vascular disturbances have 
been impressed by the importance of vasomotor instabihtj^ m all of 
the serious varieties of active vascular disease of the organic type, and 
many diffeient ways of overcoming the associated peripheral vasocon- 
striction have been used successfully in the clinical management of these 
disturbances 

The vasomotor instability which usually results from the more 
extensive types of acute phlebitis and active aiteritis bas been shown 
also by many different observers to be responsible for many of the 
signs and symptoms Frequently the secondary manifestations make 
up that part of the clinical syndrome to%\ard which all actne treatment 
must be diiected if the more serious complications are to be a\oided 
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In 1932, Albert ^ published clinical and experimental proof that a 
high degree of peripheral arterial spasm results from acute occlusion, 
due to trauma or inflammation, of the major vein of an extremitj 
On the basis of these studies and of observations of their own, Lendie 
and Kunhn ® suggested infiltration of the regional sympathetic ganglions 
with 2 per cent solution of procaine hydrochloride to overcome the 
secondary vasoconstiiction Their reports indicate that most of their 
patients were relieved of their symptoms by this paralysis of the vaso 
motor nerves to the affected extremity Recently Ochsner and 
DeBakey^ confiimed these studies and reported on several patients 
with thrombophlebitis who benefited greatly fiom blockage of the 
regional sympathetic pathways by procaine hydrochloride 

The apparent sex limitation of that type of active angiitis called b) 
Buerger thromboangiitis obliterans has interested all students of these 
disturbances and has seemed to support the idea that the “hormone 
content of the tissues m the male and m the female is of importance 

EXPERIMENTAL BACKGROUND 

In 1935, one of us (McGrath) ® published the results of his vorh, 
done in 1933 and 1934, on the effect of estrogenic substances on experi 
mental peripheral gangrene, and this work actually formed the founda 
tion for the present clinical studies of the effect of estrogenic substantes 
on the vasomotor instability usually observed in the early stages 
of thromboangiitis obliterans Using ergotamine tartrate as 
agent and following the experiments of Rothhn (1923) and oa 
(1928), one of us (McGrath) produced lesions of the 
arterial and venous pathways of the tail of the albino rat These 
been described previously ® Briefly, there resulted profound ce 
proliferation and swelling of the intima, both arterial and venous, 
pronounced in the smaller radicles on both sides of the vascu ar 
(fig 1) In addition, marked thrombophlebitis and periphle itis ' 
observed 

2 Albert, F Les obliterations artenelles £tude physio-pathologiQU , 
chir 29 649 (Nov -Dec ) 1932 

3 Lenche, R, and Kunlin, J Traitement immediat des ^ed 

operatoires par I’lnfiltration novocainique du sympathique lombaire, 

42 1481 (Sept 22) 1934 j,j 

4 Ochsner, A , and DeBakey, M Treatment of Thrombopb 
Novocame Block of Sympathetics, Surgery 5 491 (April) 1939 £ 5 trogenic 

5 McGrath, E J Experimental Peripheral Gangrene -^[64 55 

Substance and Its Relation to Thrombo-Angiitis Obliterans, Arc 

942 (June) 1935 , Experimental Peripheral Gangrene, J A 
(Sept 14) 1935 
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With the basic lesions established, parallel senes of noimal control 
animals, unprotected animals intoxicated with eigotamine tartrate and 
protected by daily administrations of estrone (theehn) were studied 
It IS sufficient to summarize the results All the rats, male and female, 
unprotected by the estrogen and intoxicated with ergotamine tartrate 
had gangrene of the tail in greater oi less degree, varying with the 
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These results weie coi i oborated by Suzman, Freed and Prag'in 
1938, and the expeument was cained through the next logical step 
Investigating the effect of castration on the male, these authors found 
that castration alone was inefficient in protecting the animals against 
ergotamme gangrene However, it was found that administration of 
estione to castiate male animals produced the same protective action 
that we had obseived pieviously m female rats 

CHOLINERGIC ACTION OF ESTROGENIC SUBSTANCES 
Markee ^ and Fagin and Reynolds demonstrated that when estrogen 
was injected into oi'anectomized rabbits maximal hyperemia de\ eloped in 
the uteiine tissues within thirty to sixty oi moie minutes The little 
known fact, demonstrated by Pompen,® that the initial hyperemia 



Ing 2 — Rat’s tail twentv-two days after injection of ^ 11 ,^ 

Note the gross evidence of phlebitis pro\imal to the line of demarca ion 
gangrene 

could be inhibited temporarily in unanesthetized rabbits by 
of atropine suggested to Reymolds ” that the primary agent v 
ated that series of changes, particularly' the vasodilatation, 
acetydcholine His experimental studies show unmistakabl) t 

^ j n Kvncnii'O'*^® 

6 Suzman, M M , Freed, C C , and Prag, J J Studies o 

Peripheral Vascular Disease with Special Reference to Thrombo- Oo 
erans, South African J M Sc 3 29 (Jan ) 1938 Phvsiol 1®® 

7 Markee, J E Rhythmic Vascular Uterine Changes, Am J 

32 (March) 1932 Liem''- 

7a Fagin, J , and Reynolds, S R M Local Vascular Changes 
Motility, Am J Physiol 117 86, 1936 

8 Pompen, A W At De invdoed van menformon op der baarm 

Amsterdam, 1933 Ccicncc 8^ '' 

9 Revnolds, S R M The Cholinergic Action of Oeslrm, s 
(June 10) 1938 
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acetylcholine content of the uterus was inci eased significantly within 
one hour after the injection of estiogen (amniotin) Since the effect 
occuried in a transplanted uterus, connection with the central neivous 
system is not essential, although in his expeiiments sufficient time had 
not elapsed for complete degeneration of the nerves In the sense, 
therefore, that certain nervous effects on effector organs are mediated 
by local liberation of acetylcholine and accordingly are said to be 
“cholinergic,” Reynolds® concluded that estrogen is similaily “cholin- 
ergic ” Hence he concluded that this term must be broadened to include 
possible^ hormonal effects which are mediated peripherally by acetyl- 
choline In this way one could explain the maximal hyperemia which 
occurs experimentally in uterine transplants in which no neives are 
demonstrated The high estrogen content associated with the high 
acetylcholine content of human placenta^" in the complete absence of 
nerves could he explained also in that manner 

CLINICAL STUDIES 

The results of these experimental observations encouraged us to 
study the clinical effects of estrogenic substances m patients with the 
active types of angiitis, much as Baecke and Sicard did in 1927 Our 
primary interest, however, centered aiound the effect of these sub- 
stances on the vasomotor instability which is secondaiy to primary 
disease of the arteries or veins of the extremities We had observed m 
previous clinical studies that occasionally the propagation of intra- 
vascular thrombosis with resultant spread of the pathologic changes 
in the walls of the arteries or veins was enhanced by slowing of the 
peripheral circulation due to widespread vasoconstriction , consequently 
we concluded that any lessening of irritability of the peripheral vaso- 
motor system from within the organism might lessen the chance for 
extension of involvement of the peripheral vessels Our clinical studies 
consisted mainly of repeated examinations of the peripheral vascular 
system before and after complete vasomotor i elaxation m the “constant 
temperature room” (20 C ) to determine the kind and degree of changes 
in vasomotor control of the peripheral arteries and aiterioles which 
developed during and after intensive treatment with estiogens 

The sustained effect of the estrogenic substances m this group of 
patients was found to come on slowly over a period of days, and little, 
if any, change m vasomotor function was ever detected m the hands 
or feet after administration of a single large dose or any series of 
smaller doses given over a peiiod of hours It has been shown that 
\\hen estrogens are injected directly into the \enous sjstem thej 

10 Cliang, Hsi Onin, and Gaddum, T H Choline Esters in Tissue Extracts 
f Plnsiol 79 2Sa (Oct 6) 1933 
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rapidly disappeai from the circulating blood They must be injected, 
therefore, in such a way that absorption will take place slowly and the 
effect will be prolonged ovei a period of days Much remains to be 
done in the study of estiogenic substances in relation to the maintenance 
of concentration of estrogen duiiiig several weeks or months Dailj 
injections of watei -soluble preparations by no means approximate the 
normal secretion of estrogen Considerable evidence exists that an 
effective level of concentration of estrogen can be best maintained by 
injection of an estrogenic substance m oil or in some other medium less 
rapidly absorbed than water The rapid letrogression of hormonal 
effects on cessation of injections in the expeiimental animals and the 
rapid drop in excretion of estrogens after parturition indicate that 
there is little or no stoiage of these hormones in the body 

A distinct difference in response to estrogens has been noted in the 
male as compared with the female Much more estrogen is needed, 
or administration must be carried over a longer peiiod, to bring about 
clinical impiovement in males This is also tiue of the experimental 
studies on animals. The use of testosteione propionate foi some male 
patients has given encouraging results, but further work will liaNC to 
be done before any positive information conceining its use for this type 
of vascular problem can be presented 


OUTLINE OF THERAPY 

In the management of all forms of arterial insufficiency m 
ities, general measures for protection of the skin of the affecte 
against all forms of trauma, as advocated by Allen, Reid 
must be considered of paramount importance The serious co 
tions which frequently follow in the wake of arterial insufficiency^^^^^ 
to secondary vasospasm from any foim of acute angiitis or p 
in the extermities are usually precipitated by , some form of P 
chemical or thermal trauma to the affected parts 

We have employed an oily piepaiation of estrone (ampules 
oil, Parke, Davis & Co ) and have administered it intramuscu ar 
patients included in this study During the early pait 
work we used relatively small amounts of the estrogen b ’ 
national units) at weekly intervals, but later studies showed 
sustained effect followed prolonged administration of larger 
At present we are giving 4,000 international units of tlieehn 
twice each week for four weeks and then 4,000 internatio 

1 ♦ Disorder^ 

11 Allen, A W The General Management of CirculatoO 

the Extremities, New England J Med 204 859 (April 23) 193 Ann 

12 Reid, M R The General Care of Peripheral Vascular Ui' 

Surg 96 733 (Oct ) 1932 
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once each week for the subsequent twelve weeks This amount given 
in sixteen weeks has been designated m this woik as a course of treat- 
ment 

All of our patients were taught how to care foi the skin of their 
hands and feet and how to protect them from all forms of tiauma 
Abstinence from the use of tobacco in all forms was consideied essential 
About half the patients had stopped smoking on the advice of other 
physicians weeks or months prior to the beginning of tieatment with 
estrogenic substances The others stopped smoking at the beginning of 
the first course of treatment with estioiie (theelin) theiapy An 
attempt was made to remove as many of the exogenous factois as 
possible befoie the active tieatment was started 

A rest of from two to six months is prescribed, duimg which time 
all the other measures of general caie aie earned out and the extrem- 
ities are protected from the cold at all times Patients are permitted 
to be moderately active but are cautioned about overfatigue They 
are instructed to return foi legulai follow-up examination and study 

ANALYSIS OF CLINICAL RESULTS 

As the basis for this repoit, a senes of 16 patients with arterial 
insufficiency due to secondary vasomotor instability associated with 
active arteritis or phlebitis were studied and then tieated by paienteial 
administration of moderate quantities of estrogen (estrone, oi theelm) 
at regular lnter^ als for at least sixteen weeks 

It is extremely difficult to evaluate properly all the changes Yhich 
occur as the result of any therapeutic agent or regimen, especially when 
one is dealing with disease processes -which aie known to show periods 
of spontaneous remission as well as of spontaneous exacerbation and 
which have been shown to be influenced by a vaiiet} of exogenous and 
envn oilmen tal factois 

All the patients refeiied to m this repoit have been studied at 
regular intervals, and the final decision as to the condition of the 
patient was based on the results of objective studies of the efficiency 
of the peripheial vascular system and on analysis of the patients 
account of the effects on the signs and symptoms of a variety of differ- 
ent environmental conditions 

A summaiy of the data concerning the 16 patients of this series is 
gnen in table 1 Two women and 1 man showed marked secondary 
vasospasm in the low^er extremities, due to acute thrombophlebitis No 
attempt has been made to differentiate betw een men w ith actn e migrat- 
ing phlebitis and those with early thromboangiitis obliterans, since 
marked secondaiy r asoconstriction was associated wnth both Upes of 
processes 
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Pain was pionounced in 12 of the patients, and these were giien 
moderately laige amounts (50 mg intravenously each day for file 
days) of thiamin chloride (vitamin B^) in addition to the estrogenic 
substances 

We have not attempted to make any correlation between the mini 
ber of international units of estrone (theelin) administered and the 
degree of improvement which followed the treatment All of the 


Table 1 — Data on Patients with Sccondaiv Vasomotoi Instability m the 
Evtreimties Befoie Tieatment zvtih Estiogcnic Substances 


Statistical Information Signs 

, A 

Pa Parts 


tient 

Diagnosis 

Age 

Se\ 

Affected 

Pallor 

Cyanosis 

Eubor 

Pain 

1 

T A 0* 

29 

M 

Feet 

++++ 

++ 

~r4'4' 

-{-4-4-4- 

2 

T A 0 

27 

M 

Feet 

+++4- 

+ + 

4" 4* 4" 4* 

++++ 

3 

T A 0 

27 

M 

Hands 
and feet 

++++ 

4“ 4" 4* 

4-4- 

++++ 

4 

T A 0 

41 

M 

Feet 

++ 

+++ 

++++ 

++++ 

5 

Phlebitis 

25 

P 

Feet 

++++ 

+++ 

0 

4- 4- 4 - 4 - 

6 

T A 0 

24 

M 

Feet 

++++ 

++ 

+ 

+++ 

7 

T A 0 

41 

M 

Feet 

+ 4 — h4* 

++ 

4-4* 

4-4" 

8 

T A 0 

30 

M 

Fingers 

4- 4" 4" 

4" 4* 4“ 

0 

4 - 4- 4- 4* 

9 

T A 0 

34 

M 

Feet 

4- 4“ 4“ 4* 

4“ 4" 

0 

-{-4- 4* 4* 

10 

Arteritis 

52 

M 

Fingers 

4- 4* 4* 4* 

4* 4- 4“ 4* 

4 - 4" 

4* 4* 4* 4* 

11 

Phlebitis 

40 

F 

Feet 

4“ 4* 4* 4- 

4*4" 

0 

4 * 4* 4- 4" 

12 

T A 0 

46 

M 

Feet 

++++ 

+++ 

4"*+* 4" 4* 

++++ 

13 

T A 0 

19 

M 

Feet 

++++ 

++ 

4" 4* 4* 

4*4* 

14 

T A 0 

42 

M 

Feet 

+++ 

++ 

0 

4-4* 

15 

Phlebitis 

48 

M 

Feet 

+++ 

++ 

0 

4*4" 

16 

Thrombosis 

30 

F 

Fingers 

4- 4- 4- 4- 

4* 4* 4* 4* 

0 

+ + T + 


* Thromboangiitis obliterans 


Symptom' 

Numb 

ne'S inaEli”' 


+++ 

+++ 

+++ 


T+T 


+ + -^ 

++ 

+++ 

++ 

+++ 

++++ 

++ 

+++ 

+++ 

+++ 


+ - 1 - 4 - + 


J-1-++ 

++ 

+ 

+- + 
4 - — 

+ 

J-T 

J-+ 

+ T 


Table 2 —Chmeal Results of Treatment xmth Estrogenic Substa^ 


Patient No ♦ 


Improy ed 

Unchanged 

Worse 


12 3 4 

+ + + + + 


5 6 7 8 9 10 11 12 


IS 14 15 16 

j- 

+ + + + + + ± 1 > 
+ + +« 


*' Same patients as in table 1 


. u^eir porh 

patients listed as improved have been able to leturn i 
Either the vasomotor instability completely disappeared, or le^ 
process remained so quiescent that the patient was cause 2 

disability or concern Vascular studies of these patients 
more nearly normal vasculai response under natural eiiM 
conditions as well as under the controlled conditions (nor 


in the constant temperature room 

Of these 16 patients, 11, or 69 per cent, definitely jjgjgni 

(table 2) The signs of r^asomotor instability m the nding 

much less marked The pain in the digits showed co 
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improvement, and the disability was reduced to a negligible level in 
most cases In 3 patients recrudescence of the signs and symptoms 
occurred aftei two yeais of relief, but the activity of the process again 
subsided, although less completely, after anothei course of treatment 
with the estrogenic substances In 4 patients, or 25 per cent, the symp- 
toms have remained unchanged after many months of observation In 
1 patient, or 6 per cent, the symptoms continued to grow worse in 
spite of all our theiapeutic effort 

SUMMARY 

A total of 16 patients with marked secondary vasoconstriction asso- 
ciated with active angiitis m the extremities has been studied and then 
given estrogens as the primarj^ therapeutic agent In this review of our 
experiences, an attempt has been made to present our interpretation 
of the benefits Yhich have lesulted after a careful analysis of the 
patient’s account of the subjective benefits together with the objective 
evidence of impoitance we have gatheied from repeated vascular studies 
It must be emphasized that 3 patients of this series who had active 
thromboangiitis obliterans have returned after several years with reac- 
tivated acute angiitis 

The cholinergic effect of the estrogenic substances appears to supply 
only a partial explanation of these clinical lesults What other effects 
may be exerted on the diencephalic vasomotor centers thiough the 
pi unary effect of the estiogenic substances on pituitar)’- function is a 
problem for fuithei study It is a clinical fact, however, that all 
patients do not react alike to these substances, and the apparent differ- 
ence between the reaction of the male organism and that of the female 
might be explained on the basis of less intense action on the central 
vasomotoi centers We simply wish to record, without further com- 
ment, these moderate differences in reaction between males and females 
and between males of different constitutional makeup 

We do not wish to diaw any conclusioins from the study of such 
a small series of patients presenting such laried clinical S)mdromes, 
nevertheless, after making these studies, we can see that the problem 
IS woithv of more careful study and thought, and we believe that in 
this conclusion lies whatever value there may be m the present report 
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et ods used since 1922 for determining' tlie speed ^ witli tthich 
00 flows in man depend for the most part on production of a 
reaction in one part of the bod}'^ (for example, the tongue) to a sub 
stance injected into a vein m anothei pait of the body (for example, 
le me lan basilic vein) The time elapsing between injection of the 
su stance and detection of the reaction is known as circulation time 
Substances used are potassium ferrocyanide," an active radium 
eposit, c alcium salts, ^ magnesium sulfate,® dehydrochloric acid,* 


From the Division^ of Medicine, the Majo Clinic 

e term speed lacks accuracy, but its use is justified bj coruemence. If 
use accurate y, it must embody two measurements, distance and time In our 
les no measurements of distance were made, but since those distances studied 
are roug y equal among different patients and since the term “speed” can be 
use muc more conveniently than other more nearh accurate ones, it has been 
used advisedly m this presentation 
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saccharin/ various dyes,® ether,® histamine and sodium cyanide 
These substances ha\e been used chiefly for determining the speed 
of blood flow in a pathway consisting of peripheral veins, pulmonary 
arteries and veins, chambers of the heart and part of the arteries 
originating from the left ventricle The circulatory pathway from 
the arm to the tongue is a good example Because a solution con- 
taining magnesium sulfate, calcium gluconate and sodium chloride 
produces a sensation of warmth m the extremities when it is injected 

Dehjdrocholate as a Clinical Test of the Velocity of Blood Flow, New England 
J Med 209 1089-1093 (Nov 30) 1933 Tarr, L , Oppenheimer, B S , and Sager, 
R V The Circulation Time in Various Clinical Conditions Determined by 
the Use of Sodium Dehj drocholate. Am Heart J 8 766-786 (Aug ) 1933 

7 Miller, H R Clinical Obser%ations on Pulmonary Blood Flow m 
Silicosis and Other Fibrotic Conditions of the Lungs, Am J M Sc 191 334-340 
(March) 1936 Fishberg, A , Hitzig, W M , and King, F H Measurement 
01 the Circulation Time with Saccharin, Proc Soc Exper Biol &. Med 30 651- 
652 (Feb) 1933 
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schwindigkeit des Blutes beim Menschen, Zentralbl f inn Med 50 490-493 (Maj 
25) 1929 Thompson, W 0 , Alper, J M , and Thompson, P K The Effect of 
Posture upon the Velocity of Blood Flow in Man, J Clin Iniestigation 5 605- 
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intiavenously, we havfe used such a solution m an attempt to estimate 
the speed of the flow of blood in iienpheial arteiies Because a solution 
of sodium cyanide when injected intiavenously produces a sudden 
gasp by action on the carotid sinus, we have used such a solution to 
estimate the speed of blood flow in peripheral veins It is our purpose 
in this papei to repoit the results of these studies 


TECHNIC 


Use of a solution containing magnesium sulfate, calcium gluconate, sodium 
chloride and copper sulfate, which was introduced by Spier, Wiight and Saylor, 
has been discussed by them and by two of us (Kvale and Allen When this 
so ution is injected intravenously', it produces a sensation of varnith m the tongue 
(or throat), perineum, hands and feet of the subject The subject is informed 
of the type of reaction he is to experience and is instructed to report immcdiateh 
the site of the sensation by saying “tongue,” “crotch,” “hands” or “feet,” according 
to the region in which the first sensation arises When the sensation occurs m 
the hands, it usualh occurs m the two simultaneously The same usually is true 
of the feet How eyer, the sensation may' occur in one hand before it does in the 
other and in one foot before the other, and m such cases the subject designafC' 
the site by saying “right hand” or “left hand” and “right foot” or “left foot” 
The subject is supine in bed, with the arm at the le\el of the heart A 
tourniquet is applied Two cubic centimeters of the solution is drawn into 2 
3 cc syringe which has been fitted with a 20 gage needle The needle is then 
inserted into a vein overlying the antecubital fossa, the tourniquet is remoied 
and after three to five seconds the solution is injected as rapidly as possible 
When the injection is started, the person performing the test says "Go, and an 
assistant starts the stopwatch The circulation time is recorded as the subject 
calls out the various places at yyhich the sensation is perceived The tiijif 
elapsing between the beginning of injection of the solution into a vein at 1'^ 
elbow and the occurrence of the sensation of warmth in the throat, pennetim, 


hands and feet is determined We do not know that occurrence of 


tne 

**»**i^,\a »rc UV ilKJl. iVllUW mat 1 J 

of warmth in the hand, for instance, indicates that the solution has concurrent ' 
arrived at the hands, but for the purpose of simplification we have assume t 2 
this reasoning is correct The expressions “arm to hand” and “arm to 00 ^^ 
indicate the time elapsing between the beginning of the injection into a 'c 
at the elbow and the sensation of warmth in the hands and in the feet respecti'c ^ 
Occasionally' subjects have been unable to perceive the sensation, m such ca 
the term “blank” has been used Such a study as the present one does not a ^ 
determination of the velocity' of the flow of blood in the arteries, for there 12 ^^^ 
w'ay of knowing when the solution leaves the left ventricle Howeier, t '2 
be estimated with reasonable accuracy By the time the solution 
tongue from the left ventricle, it probably has traversed the aorta tor a ^ 
equal to that traversed to the tongue The time required for the blood to 
this distance appears to be about one second, although this has not been accur 
established Because this time is relatively constant and relatiieU 
have eliminated it from our calculations and have assumed that when t ^ 


13 It seems worth while to emphasize that in this paper a decrease 
tion time indicates an increased velocity of blood and that an increase m ci 
time indicates a decreased velocity of blood 
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tion of warmth occurs in the tongue the solution is leaving the left ventricle We 
therefore estimate the circulation time from the left ventricle to the perineum bj 
subtracting the “arm to tongue time” from the “arm to perineum time ” The 
“ventricle to hand time” is calculated bj subtracting the “arm to tongue time” 
from the “arm to hand time” , the “ventricle to ^oot time,” b\ subtracting the 
“arm to tongue time” from the “arm to foot time ” The figures thus obtained are 
subject to the qualification which we have noted Thev afford us, for the first 
time, approximately correct figures for determining the speed of blood flow in 
peripheral arteries 

In studying the venous circulation time it was desirable to use a method 
which was simple, easily performed and objective Injection of measured quantities 
Ilf 2 per cent sodium cjanide solution was made m the antecubital veins and in 
the veins of the foot or ankle The time as measured b> a stopwatch between the 
beginning of the injection and the occurrence of a sharp respiratory stimulation 
constituted the circulation time from the point of injection by the shortest pathway 
to the carotid sinus 

NORMAL CONBITIONS 

With normal subjects, the average foi 87 deteimmations of the 
“arm to carotid sinus time” (with sodium cj'anide) was twenty and 
eight-tenths seconds The average foi 102 deteimmations of the “arm 
to tongue time,” (with the solution of calcium, magnesium and sodium 
salts) was thirteen and seven-tenths seconds When the two solutions 
weie mixed it was found that sensation was perceived m the tongue 
at an average of three and one-half seconds before a gasp resulted from 
stimulation of the carotid sinus by the sodium cyanide We have con- 
cluded that there is an erioi inherent in the sodium cyanide method 
and that values obtained by such a method are approximately thiee 
and one-half seconds greater than they should be The average figures 
for other circuits follow arm to perineum, twenty-one seconds, aim 
to hand, twenty-three and one-half seconds, arm to foot, thiity-two 
seconds, ventiicle to peiineum, seven and thiee-tenths seconds, veii- 
liicle to hand, nine and eight-tenths seconds, ventiicle to foot, eighteen 
and a half seconds, and foot to carotid sinus, thirty-nine seconds 

CHRONIC OCCLUSIVE ARTERI \L DISEASE 

A. study of 28 cases of tluomboangiitis obliterans and arterioscle- 
rosis obliterans indicates that when a subject has these diseases the aver- 
age time lequiied for blood to flow to the feet is increased (the approxi- 
mate mean “ventiicle to foot time” for subjects with these conditions 
was tweiit}-four seconds, as contrasted with a normal value of eighteen 
and one-half seconds) How'ever, m individual instances of chronic 
occlusive arterial disease the circulation time seemed normal There- 
foie, tests of the speed of arterial circulation cannot be emploved in 
arriving at diagnoses of cbronic occlusive arterial diseases 

14 Tliroughout tbe pvper t!ie term “ventricle,” used is it is used here, refers 
to the left ventricle 



348 


ARCHIVES OF SURGERY 


HYPERTHYROIDISM 

The speed of blood flow is inci eased m the presence of hyper 
thyioidism In thirty-one tests of 14 patients with the condition the 
average circulation tune ft om the arm to the tongue was ten and four 
tenths seconds , from the ventricle to the perineum, four and slx-tentll^ 
seconds, fiom the ventiicle to the hand, about six seconds, and from 
the ventricle to the foot, about eleven seconds These periods are 
shortei by approximately three, three, foui and seven seconds i espectiveh 
than those observed in similar tests of noimal subjects Administration of 
4 to 6 grains (0 26 to 0 4 Gm ) of desiccated thyroid substance daily for 
four days changed the average “foot to carotid sinus time” from forti 
to twenty-nine seconds and the average “aim to carotid sinus time 
fiom twenty to sixteen seconds 

ESSENTIAL HYPERTENSION 

The speed of blood flow in patients with uncomplicated essential 
hypei tension agiees wuth that in normal subjects The average values 
determined by a study of 37 subjects, follow aim to tongue, fourteen 
and four-tenths seconds, arm to perineum, twenty-two seconds, arm 
to hand, twenty-three seconds, aim to foot, thirty-six and one half 
onds, ventricle to perineum, seven and one-half seconds, ventricle to 
hand nine seconds, and ventricle to foot twenty-one and one-half secon s 
These all may be considered normal except the circulation time rotn 
the arm to the foot and that from the ventricle to the foot, whic ar^ 
about foui and one-half and three seconds greater respectively 
similar averages for normal subjects, an obsei vation which suggests s 
mg of the flow of blood to the lower extremities in the presence 
essential hypertension 

EFFECT OF SYMPATHECTOMY 

If sympathectomy affecting one extremity has been perform 
pait of the first stage operation for relief of essential 
the average ciiculation time from the ventiicle to the sympatiec 
foot is nine seconds less than for the opposite, unsympaf 
extremity (twenty-five and one-half seconds) The a\erage 
carotid sinus time” is thirteen and seven-tenths seconds less 
symipathectomized limb than for the normal, oi 

panion member (forty'^-four and seven-tenths seconds) ^ pgri 

these studies indicate that lumbar sympathectomy perforine 
of the operative treatment for essential hypertension increases 
of blood flow in both aiteiies and veins and that vasodilataio 
from sympathectomyr Two other observations are of inter 
both limbs had been sympathectomized, the circulation tim 
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limb that had been sympathectomized first was increased as compared 
with that observed after the original operation After both operations 
had been performed, the venous circulation time was less for the more 
recently sympathectomized limb than for that originally sympa- 
thectomized These observations suggest that there is a gradual recovery 
of vascular tone in limbs to which the sympathetic fibers have been 
cut 

crrccT or temperature of the skin or the extremities 

The temperature of the skm was determined with an electric ther- 
mometer Changes in tempera tuie of the skin were produced by 
various methods, such as moving the patient from a room the temper- 
atuie of which was constant at 18 C into a room the temperature of 
which was constant at 25 C , by placing a “baker” ovei one extremity 
and producing vasodilatation and by placing a “bakei” over the 
entire body, pioducing geneialized vasodilatation The rate of circu- 
lation in the peripheral arteiies was always inci eased when the tem- 
peratuie of the skin was increased and decreased when the temperature 
of the skin was decreased For example, in 1 instance the “arm 
to foot time” was forty-nine seconds when the tempeiature of the 
skin of a toe was 29 5 C and thirty-seven seconds when the temperature 
of the skin of a toe was 38 C This observation emphasizes the need for 
conti oiled conditions, constant loom temperature and a fasting state 
m determining the speed of ciiculation Not infiequently when tests 
weie performed with the solution of calcium and magnesium salts it 
was noticed that “blanks” occurred, that is, that the subject failed to 
perceive the sensation of warmth in the extremities Some of these 
“blanks” were the result of confusion on the part of the subject, but 
many weie the result of the fact that the cutaneous temperature of 
the extremity was relatively low When the cutaneous temperature 
was incieased, the subject perceived the sensation distinctly 

Oui studies show that when the skin is cool the circulation time 
from the foot to the carotid sinus is increased, and that when the 
skin is Marm it is deci eased Foi example, in 1 case, when the tem- 
perature of the skin of a toe was 20 7 C, the “foot to carotid sinus 
time” w^as forty-nine and four-tenths seconds, and when the temper- 
ature of the skin of a toe w'as 32 6 C , it w’as tw enty-fii e and four-tenths 
seconds These obsen^ations indicate that the temperature of the skin 
IS most impoi taut m determining the speed of the flow' of blood m veins 

nrrECT or postlre 

It was desirable to know the eftect of eie\ation of the extremities 
on the circulation time from the arm to the carotid sinus and on that 
fiom the foot to the carotid sinus \*a!ues for the former with the 
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vein at the level of the light auricle were compared with values obtained 
when the aim was supported at an angle of 30 degrees with the hon 
zontal The same procedure was used in testing the eftect of eleiation 
on the ciiculation time from the foot to the carotid sinus Decrease 
of “aim to carotid time’' by 12 to 20 pei cent and of “foot to carotid 
time” by 8 to 25 pei cent aie the results of elevation of the extremiti 
results which mean that venous blood flows more rapidl) in an eleiated 
extremity than in one which is hoiizontal The circulation time from 
the ventiicle to the foot was increased m almost all instances i\hen 
the subject stood In othei words, arteiial blood appears to flow mote 
slowly III the legs when a subject is upright than when the subject n 
lecumbent, a lesult which may be caused bj'' orthostatic vasoconstriction 
in the lowei extremities 

ErrccT or digestion 

Studies were peifoimed on subjects who had fasted and iiere 
repeated about two hours after the subjects had ingested a large meal 
When the temperatuie of the skin of the digits increased as a result 
of digestion, the blood neatly always flowed faster For example, m 
1 instance, when the temperature of the skin of the toes increased from 
27 3 to 32 8 C as a lesult of digestion the “arm to perineum time 
decreased from tu'entj^-six to nineteen seconds , the “arm to handjim^i 
from thirty-two to twenty-five seconds, and the “arm to foot time, ro"' 
foity-six to thirty-five seconds 


ErrECT or exercise 

A standard set of exercises was used, with the subject 
reduce the effects of other factors Control values for the 
time from the foot to the carotid sinus and fiom the arm to 
otid sinus were obtained and were redetermined within 
aftei cessation of the movements Speeding of the flo" 
uniformly occuned in the legs after exercise The reduction^^^ 
to carotid sinus time” ranged from 24 to 40 per cent ^ 
lation time lemamed the same after exercise of the arms m 


and was even slowed m3 per 

The test for circulation time from the arm to the g^,j 3 ject' 
formed first when the subjects iveie at rest and next a 
had ascended and descended a set of steps for one minute, a ^ 
pulse rate was accelerated to as low a figure as 104 and to as pj,efal 

as 140 In almost all instances the speed of blood flow in 5 

arteries was found to be increased after exercise or e 
instance the “arm to tongue time” decreased three secon 
hand time” three seconds and the “arm to foot time ten s 
These observations show that exercise increases t e P 
of blood in both arteries and veins 
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ErrECT or operation 

The eftect of opeiatioii on \enous circulation time was studied in 
a group of 31 patients, 21 men and 10 women With all of these 
patients circulation time was obtained under standard conditions before 
operation With 9 patients studies were made at intervals varying 
from two hours to ten days after the operation The remaining 22 
patients were tested at intervals varying from two to thirteen days 
after the operation 

Twenty-four houis after the operation, the circulation time from 
the arm to the carotid sinus was decreased in all instances After the 
second postoperative day there was some increase of circulation time 
for 48 per cent of the patients, a decrease for 32 per cent and essentially 
no change for 20 per cent The only distinct change in the circulation 
time from the arm to the carotid sinus after operation was a definite 
decrease during the first forty-eight hours 

Two days after the operation the average circulation time from the 
foot to the carotid sinus increased from its first postoperative decrease 
Beginning on the fifth postoperative day, it became progressively 
greater until the eighth to the thirteenth postoperative day Study of the 
individual patients revealed that for 82 per cent there was distinct 
increase, for 11 per cent a decrease and for 7 per cent essentially no 
change 

These observations, which will be reported in detail in the future,^^*^ 
indicate that the speed of blood flow in the veins of the legs is usually 
reduced by operation The possible relation of this observation to post- 
operative thrombosis and embolism will be discussed m a subsequent 
pulilication 

SUMMARY AND CONCLUSIONS 

The methods of study which we have used indicate that the speed 
of the flow of blood m the arteries and in the \eins of the extremities 
IS influenced by a number of factors Clironic occlusive arterial dis- 
eases usually slow the aiterial circulation but do not always do so 
H} perthyroidism inci eases the speed of blood flow, h}pertension slows 
It in the lowei extienuties , sympathectomy speeds it greatlj, as does 
increasing the temperature of the skin of the digits Ele\ation of an 
extremity increases the speed of flow of venous blood, but when the 
subject stands the speed of flow of arterial blood is decreased Diges- 
tion IS associated with an increase in speed of blood flow', and exercise 
accelerates flow in aiteries and \eins Operation usualK reduces the 
speed of the flow of blood in the \ems of the lower extremities 



DIABETIC GANGRENE 

REVIEW or NINE HUNDRED AND SEVENTY-TWO CASES OF GANGRENE 
ASSOCIATED WITH DIABETES MELLITUS TREATED AT THE 
NEW ENGLAND DEACONESS HOSPITAL 

LELAND s McKITTRICK, MD 

BOSTON 

In this papei I shall ti}' to give a geneial picture of the diabetic 
patient with gangrene, to describe the organization for and the prin 
ciples of management of cases of diabetic gangiene at the New Eng 
land Deaconess Hospital and possibly, thiough a study of my results, 
to indicate how I have arrived at my present conception of the opera 
tive tieatment of this condition I do not wish to add to the many 
reports on the details of management of diabetic gangrene or to enter 
into any controversy as to the indications for amputation or the level 
at which It should be done 


ORGANIZATION TOR THE CARE OF “SURGICAL DIABETIC” PATIENTS 
AT THE NEW ENGLAND DEACONESS HOSPITAL 


I did my first amputation for gangrene — a closed amputation through 
the upper third of the lower part of the leg — in May 1923 Insulin 
had been given to the first patient m the New England Deaconess Hos 
pital the pieceding August and had already completely changed the 
outlook for the diabetic patient in need of surgical treatment Coma, 
no longer a fatal complication, had been icplaced by gangrene as one 
of the most frequent causes of death ^ 


My interest in the surgical complications occuiring m patients ^\Ith 
diabetes was encouraged by the late Dr D F Jones, to whose earl} 
concepts of the management of such conditions subsequent years an 


increasing experience have added little Through the interest and gener 
osity of Dr Elliott P Joslin, every opportunity was given to develop 
facilities for the study and care of patients with diabetic gangio^® ^ 
the New England Deaconess Hospital When the many time-consumi o 
details necessary for the proper care of the patient and the impodan 
of teaching hygiene of the foot were recognized, a graduate nurse ' 


1 Morrison, in his study of 775 deaths in Boston, had 
in 23 per cent of these gangrene was a contributory cause (iforrison, H 
M &. S J 175 54, 1916) 
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obtained and was given special training in the technic of surgical 
dressings and m prophylactic care of the foot The “beauty parlor for 
diabetic feet” was thus established Heie the patient was not only told 
but taught to “keep his feet as clean as his face ” It was soon found 
that more and moie lesponsibility could be given the nurse in the actual 
dressing of the smallei “surgical” wounds Thus the surgeon was 
relieved of many of the details of minor but important and tune- 
consuming dressings This confidence was more than justified, and as 
the number of patients iiici eased it became necessary to give the nurse 
an assistant The present organization, therefoie, consists not only 
of the suigical and medical components of the team but, m addition, 
of two especially trained giaduate nurses whose entiie time is devoted 
to the actual caie of surgical diessmgs under the diiect supervision of 
my associate Dr T C Pratt and me 

Early m 1924, regulai weekly ward rounds weie instituted at the 
suggestion of Dr Joshn Promptly at 8 a m each Monday, Dr Joslin, 
his assistant. Dr Howaid F Root, Dr D F Jones, the nursing per- 
sonnel directly responsible for the medical and suigical caie of the 
diabetic patients and I met in the waid Each surgical patient nas seen , 
all the dressings weie removed, and the wounds were examined The 
medical and surgical problems of each patient weie discussed Questions 
1 elating to individual patients were brought up and decisions made 
New advances, either medical or suigical, were presented to the group 
for delibeiation Thioughout the period of approximately fouiteen 
years it is doubtful that this visit has been omitted more than once a 
year Its permanence is evidence of its importance and value as a 
common ground foi suigical and medical intercourse in the management 
of this difficult condition 

To assure accuiate data, a special surgical card is used, on which 
aie placed the peitinent facts m relation to each case as the patient 
IS admitted to the hospital Postopeiative notes are added at the time 
of discharge, and additional space is left for follow-up notes It is 
fiom these caids that this and other, similar studies have been made 

RLSUML or CASES TOR STUDV 

Between klay 1923 and Jan 1, 1939, 972 patients ha\c been seen 
and treated for obhleiatne arterial disease and diabetes melhtus 

Dining tlie same period, 319 patients hare been operated on for 
infection of a lower extiemitr, but caicful eraluation of the arterial 
supply of these patients has convinced mj associates and me that, 
although not normal it was adequate Their ca'^es therefore as sug- 
gested bv Coller and klarsh,- diould not be included m a discus«ion of 
cases of diabetic gangrene 
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Sex — In this senes, the incidence of gangiene \\as about equalH 
divided between men and women Fifty-three per cent of our patients 
were women, slightly less than the ratio of vomen (57 per cent) in 
Joslin’s “ series 

Age — The average age of all our patients was 64 3 years, that of 
the women (65 2 3 'ears) being a little greater than that of the men 
(63 8 years) 

Dw ahon of Diabetes — The patients had had diabetes for an average 
of eight and seven-tenths }ears The difference between the average 
duration for the women (nine and three-tenths years) and that for the 
men (eight and six-tenths years) is not significant 

It seems fair to say, then, that the average patient with diabetic 
gangrene may be eithei a man or a woman, is about 64 3 ears old and 
has had diabetes foi an average of about eight and a half 3 'ears 


Table 1 — Nine Handled and Seventy-Two Cases of Incipient 01 Actual Gangrctu 
in Patients zvith Diabetes Melhtiis (Neio England Deaconess 
Hospital, 1923-1939) 


Treatment 

Number 

Deaths 

Mortalltr 
per Cent 

No operation* 

414 

19 

46 

03 

139 

Minor amputation 

63 

4 

Major amputation 

495 

C9 

Total 

972 

92 

Oe 


* Patients treated mthout operation prior to 1930 not included 


ADMISSION ROUTINE FOR SURGICAL PATIENTS 

At the New England Deaconess Hospital theie is no 
between the medical and the surgical wards Piomptly after examiii^ 
of the patient on admission the surgical consultant is called, an 
patient is seen b 3 " Di Pratt or by me within a few hours 
treatment is instituted at once , antidiabetic treatment already 
been started If operation is indicated, the time at which it 
done IS based primarily on the urgenc 3 f of the local condition 
earlier experience man 3 '' of these conditions were treated as eme ^ 
and amputation was done on the da 3 '' of admission Alt ^ ^yj.g,cal 
consider them emergencies m that the 3 ' should be seen by t e 
consultant promptly!- after admission of the patient, increasing 

2 Coller, F A , and Marsh, P L Lesions of Extremities Associated 


Diabetes Mellitus, J A M A 85 168 (July 18) 1925 

3 Joslin, E P Treatment of Diabetes Melhtus, Philadelphia, 
1928, p 139 
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lias shown us that it is onlj the occasional case in w'hich immediate 
operation is needed and that sufficient dela} to permit adequate fluid 
intake and adjustment of the metabolic imbalance is desirable More- 
over, in some cases of gangrene with active infection a waiting period of 
tw^entj-four to seventy-twm hours is fiequently of great help m deter- 
mining the t}pe of operation indicated This is m keeping with the 
conclusions of IMaes,'* w'ho found that the safest time for operation is 
after tw'o or three days of preparation Since the introduction of 
chemotherap} , there are a few' cases in w hich fort} -eight or seventy-tw o 
hours of adequate sulfanilamide intake may make the difference between 
a guillotine amputation and a primar} closed amputation How'ever, 
most of the patients w horn w'e see wnth actual gangrene due to obliterative 
arterial disease have a lesion badly contaminated with a variety of 
organisms, the beta hemol} tic streptococcus in our cases pla} mg a rela- 
tively minor role We cannot but feel that Meleney ® placed rather 
more stress on the bactenologic factor in diabetic gangrene than our 
experience would justif} 

TECHMCAL CONSIDERATIONS AND RESULTS 

Approximate!} half the patients who come undei treatment are 
treated without operation Eleven and three-tenths per cent of the others 
ha\e a successful amputation of one or more toes, and 88 7 per cent have 
a major amputation Thirty-thiee patients have refused amputation and 
ha\e gone elsewdiere for treatment Tliese will be discussed later in 
this paper 

Level of Amputation — The indications for operation and the factois 
from w'hich the level of amputation is decided were first outlined m 
1928® and have been rewewed more recently' In 1923, amputation 
through the lower part of the leg was most frequently done During 
the past sixteen \ears, w'aves of enthusiasm ha\e inci eased temporanh 
the number of amputations below the knee or the number of Gritti- 
Stokes amputations, but throughout this period there has been a 
gradual but stead^ trend in faAor of the supracond\ lar amputation 
As one looks at table 2 and notes the small number of amputa- 
tions through the lower part of the leg in proportion to the numlier 
of those abo\e the knee, one cannot but wonder at the ‘-equence 

4 Mnc<: L Personal communication to the author 

5 Me1ene\ F L Surgen 6 845, 1939 

6 McKittrak L S, and Root H F Diabetic Surger\, Philadelphia, Lea & 
Febigcr 192*? 

7 McKiurick I S \m T Sum 44 46 D39 
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of events which has lesulted m giadual elimination of other leiels of 
amputation in favor of the supracondylar operation It is possible that 
with the latter there are a few patients who have been unjustly denied 
the tremendous advantage of a knee joint A careful study of our 
results, however, not only m the immediate management of the patients 
but after they have left the hospital, has convinced us that except in 
selected cases the opeiation which is the safest and is followed by the 


Table 2 — Results After Opctalion for Gangiene 


Operation 


Wound Healing 


No Deaths 


Mor Healing 
tality, by Hirst 

per Inten , „ , , i 

cent tion Major Minor Unstated Dai' 


Sepsis 


Postopet 
— y atm 
Stay 
in Ho 
pital, 


Amputation of toe 

C3 

4 

GS 

2 

‘ Houcr leg ’ amputation 

42 

2 

48 

7 

Guillotine amputation* 

37 

13 

351 


Gritti StoLes imputation 

KH 

15 

14 4 

23 

Supracondylar amputation 

330 

SS 

115 

165 

Death under anesthesia 

1 

1 

100 0 



• Nineteen guillotine amputations followed by amputation at 
also under the secondary level at which amputation was done 


(Granulation, 61) ® 

4 13 IS 

12 15 49 

18 33 114 


a higher level are 


clB'siJed 


Table 3 — Coinpauson of Results with Stlk and Catgut %n One Hundred oiii 


Twelve Consecutive Pi tinary Thigh Amputations 




Healing 
by First 
Intention 


Sepsis 


PostopsrstiTf 
Star la 
Hospital 
Pays 


Number 

Major 

Minor 

Not 

Stated 

Catgut 






1|4 

1939 

31 

30 

0 

0 


213 

1938 

23 

20 

0 

1 


ISo 

1930 

2 

1 

0 

1 





— 



— 

— . 


194 

Total 

56 

51 

0 

2 

s 



(962%) 


(3 8%) 



Silk 





200 

1936 

27 

16 

0 

3 


271 

1937 

29 

23 

0 

1 







— 



IS 

235 

Total 

56 

39 

0 

4 




(90 7%) 


(9 3%) 





f rfioice 

shortest and easiest convalescence is the procedure oi 
according to our experience, is the supracondylar atnpul^hon 
2 and 3) 

Di ainage of Stump — Dr Jones was an early advocate of the 
amputation for a patient with obliterative arterial disease ^ 
particularly that if the amputation is carefully done an 
sutured over the end of the bone without undue tension, a 

dram is of no value and in most instances is a definite az^ 
house officer at the Massachusetts General Hospital before 
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had been accepted b\ the othei membeis of the start, I followed a 
number of amputations in nliich drainage had been used Latei, as 
assistant to Di Tones, I helped him with siinilai cases in which the 
wounds were caiefulh and coinpletel)' closed I was easil} convinced 
then, and subsequent expeiiencc has confirmed the soundness of his 
judgment In e\er} case m this senes, eithei a guillotine amputation 
has been done without an} sutuies ox the w'oiind has been closed with- 
out drainage 

Ticatiiicut of the Nerves — Until 1930, absolute alcohol as advo- 
cated b} Huber and Lewis® was injected into the ncive tiunk It w'as 
difficult to pre\ent some leakage of alcohol fiom the cut nerve This 
made little, if am , difierence in the centei of a large thigh stump, but the 
common peroneal nene is vei\ close to the incision in a Gntti-Stokes 
amputation, and a little leakage ina\ easih result m an aiea of necrosis 
of the stump The use of alcohol w'as therefoie discontinued, the nerve 
was ciushed and tied (Little®) to avoid hemorrhage fiom the accom- 
pan}ing vessels, and the end was cauteiized as advocated by HedrU® 
In our opinion, eithei is satisfactor} , we have had but one readmission 
to the hospital for a painful stump, and in this instance the pain w'as not 
sufficient!} se\ere to warrant any active tieatinent It is our impiession 
that the particulai gioup of patients under discussion will do perfectl} 
W'ell w ithout any special treatment of the nerves, provided early healing 
without infection occurs 

Suttaes — ^\Vith the more lecent contioveisy conceinmg the relative 
merits of silk and catgut, it seemed to us only a inattei of time before 
silk sutures wmuld be advocated as the answ'er to problems of wound 
healing in amputations for gangrene Beginning in 1936, therefore, and 
continuing through 1937, fine silk w'as used in all amputations We have 
selected cases of primary thigh amputation foi comparison because 
we know of no other group of cases in which other factors are as 
constant as in this These operations have all been done by Dr Pratt 
or myself I doubt that our technic has improved much, if any, during 
the past few years We have not altered our conception of the indica- 
tions for operation, the level at which amputation is done or the technic 
which has been used In other w'oids, as nearly as is clinically possible 
all factors except suture material are constant 

Table 3 shows comparative studies of results obtained from the 
use of silk and from the use of catgut No 1 chromic catgut was 

8 Huber, G C , and Lewis, D Amputation Neuromas Their Development 
and Prevention, Arch Surg 1 85 (July) 1920 

9 Little, E M Artificial Limbs and Amputation Stumps, Philadelphia, 
P Blakiston’s Son & Co , 1922, p 36 

10 Hedn, O Arch f Win Chir 253 118, 1921 
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placed ai ound the popliteal artery m both senes, because a large suture 
IS necessary to crush the calcified walls of the aitery No 00 plain 
catgut was used for the smaller vessels, and the fascia was appro\imated 
with no 00 chromic catgut Nonboilable sutures were used In the 
■“silk series,” nos 3 and 5 untreated black twisted silk were used for 
the smaller vessels and for fascia 


In ordei to be classified as healing by first intention, the wound must 
be solidly healed and the sutures lemoved within twelve dajs There 
must have been no separation of the edges of the skin, no necrosis and 
no suppuration aiound any of the sutures, the stump must not hare 
been led, and theie must haA'e been no seium A stump is credited ruth 
healing by fii st intention only when a note has been made on the surgical 
card to that efiect However, cases listed in the table m which a definite 
note was not made piobably weie cases in which healing occurred h\ 
first intention, since in most if not all of them the stump was recorded 
as healed at the time of discharge 

We lealize that this group of cases is small On the other hand, 
It is our clinical impression, and tiom a study of this small group of 
cases I believe we aie justified in assuming, that in a supiacondylar 
amputation for gangrene neither suture material holds any merit over the 
•other so fai as wound healing is concerned, provided that the suture 
used IS only laige enough to permit caieful appioximation of the 
fascia Needless to saj^, it is gratifynng to us to find that the wounds in 
96 per cent of our cases of primary thigh amputation for gangrene 
heal so promptly and that there has been no deep infection in the stump 
after such an amputation during the past four years 


DwaUon of Stay m the Hospital — It has been our constant endearor 
to select as accurately as possible the patients for whom major anipt 
tion IS necessary, to do the operation as soon as the decision 


made, and to discharge the patient as early as is consistent 
welfare (table 4) The importance of the economic problem , 
b}'^ diabetic persons with gangrene cannot be minimized Two 


of hospitalization is not too much to spend for a useful ^ 
unsuccessful attempt should, if possible, be recognized early an 
tation at a higher level promptly carried out 


Patients who aftei major amputation aie not going 


to use 


an 


i CLLlUi-ltO VVliV-/ w. linn 

artificial limb are discharged twelve to fourteen days after the ope 
Patients who offei some possibility of using an artificial 
with a temporary^ appliance toward the end of the second wee 
stay in the hospital and during the third week are taught t 
mental principles of using a peg leg 
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Conipaiison of the length of sta} in tiic iiospital aftei thigh ampu- 
tations (tables 2 and 3) shows how this peiiocl has been giadualh 
shortened 

Bilalcial Amputatww; — Wc Ime done 70 hilateial amputations This 
repiesents 16 pci cent ol oui cases Ihe tiue incidence ot bilateial 
gangrene will be shown latci to be about 40 pci cent The aveiage 
inter\al between dischaigc fiom the hospital and the onset of gangiene 
of the other leg was twcnt\-fnc and thiee-tenths months, which is 
■comparable to the tw ent\ -sc\ cn and six-tenths months to be mentioned 
(table 7) It is inteicsting to find that the lesult following opeiation 


T\mr 4 — Dwciiian of Sttn i)i Hrxil'ilal 



PnopirntUc 

Po'toperatUe 



Period 

Period, 

Total 

Ijix’ of Ircntiiiont 

Dim'- 

r)n\ s 

Da^' 

3^0 operation 



23 

Minor amputation 

17 

40 

03 

Primarj- major amputation 

s 

2C 

04 

Multiple opentiono for tlie same ic'lon 

Ifi 

40 

03 


Table 5 — Causes of Death Ajtet Aiiifulalioii for Gaiu/iciic 


Cause 


^umber 

Per Cent 

Infection 


2D 

SO 7 

Cardiorenal di'ease 


2D 

SOT 

Pulmonary disease 


IS 

ITS 

Bronchopneumonia 

C 



Embolism 

4 



Miscellaneous 


2 

2T 

Total 


>»n 

1 



on the remaining extiemity is definitely bettei than that following the 
first operation Not only is life expectancy inci eased, but the risk of 
operation is less Six, or 8 6 pei cent, of the 70 patients died in the 
hospital after amputation of the remaining limb, as compared with the 
mortality of 13 9 per cent for all major amputations It is of interest 
too that the total period of hospitalization foi a patient admitted to the 
hospital w'lth gangrene of the remaining leg is definitely less than foi 
his fill St admission The average totals are forty-eight and six-tenths 
days for the first admission and thirty-thiee days for the second The 
gi eater safety of the second amputation, the gieatei life expectancy 
and the optimistic letteis written by many of the patients who have had 
bilateral amputations, particularly if they have a happy home life, make 
■one feel that the tragedy of diabetic gangiene is not amputation of the 
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second leg but loss of the first one It is probable that the reasoning 
which prompts most surgeons to postpone amputation of the remaining 
extremity as long as the patient’s endurance will permit is based on false 
premises May it not be that the second amputation should be advised 
after a shorter rather than a longer trial of conservative treatment’ 
Deaths in the Hospital — Nine and five-tenths per cent of all patients 
treated for gangrene in its incipient or advanced stages have died in 
the hospital Four and six-tenths per cent of the patients treated 


Table 6 — End Results After Amputation for Gangrme in One Hundred Con 
secutwe Cases (Nezv England Deaconess Hospital, 1923-1930) 



Number 

of 

Patients 

Duration of LifCi Monttis 

Present Condition 

r 

Average 

Mean 

Dead 




No gangrene of other foot 

55 ? 



Gangrene of other foot but no operation 

le J 

S7 5 

695 

Gailgreno of other foot followed by 2d amputation 

18 

7^ i 

Totai 

92 

415 

375 

Living 




Bilateral amputation 

i 



Trouble with other foot 

1 



No troubie with other foot 

2 



Totai 

7 

133 6 

lo8 

Dntraced 

1 




100 




Table 7 — End Results After Amputation for Gangiene in One Hundied Co 
secutwe Cases (Bilateial Gangrene, New England Deaconess 

Hospital, 1923-1930) 


Gangrene of other foot 
Average interval from discharge to onset 
Average age at first operation 
Average duration of life after first operation* * 

* Tour patients are still living and therefore are not counted 


11 

SllBODtf' 
63 2 ye"'' 

73ginODlf» 



without operation have died In table 5 are listed conditions n 
our judgment, were responsible for the deaths of these pa i 
early insistence that amputation, once definitely indicated, must 
with a minimum of delay if the patient is to remain in the 
done much to minimize the number of patients dying o i 
However, introduction of the guillotine amputation in 1927 an 
extension of the indications for its use during the next 
been largely responsible for maintaining the mortality frm^ 
consistently less than 5 per cent during the past six years (c ^^(jden 
greatest problem is still presented by the deaths, many of t em 
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^\hlch arc due to degenerative changes in the heait and arteries, to 
pulmonar) embolism or to sepsis and disease of the urinary tiact 

Late Results — The first 100 consecutne patients to leave the hospital 
after major amputations for gangrene have been followed carefull) 
(table 6) Eaily cases have been selected for this study, because only 
when all of the patients are dead can their disease be truly understood 
Four of the 7 patients know n to be li\ mg ha\ c had double amputations , 



Chart 1 — ^Yearlj mortahtj from 1923 to 1939, showing the \anation from jear 
to jear and the relatne importance of cardio\ascular conditions and infection 



Chart 2 — Survival rate for 92 consecutwe patients w’ho died after amputation 
for gangrene 

1 patient is untraced The others are dead Fifty-five per cent of these 
patients were alive at the end of three years, and only 37 per cent were 
living five }ears after operation (chart 2) The average postoperative 
duration of life for the 92 patients who died was forty-four and one-half 
months Forty-one per cent have had either gangrene of the other 
extremity, wFich was a factor in their death, or an amputation of the 
remaining leg (table 7) The average interval between discharge from 
the hospital and onset of gangrene on the other side w'as tiventy-seven 
and seven-tenths months It is of interest that the average postoperative 
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duration of life of the patients who died after a single amputation 
was thnty-seven and one-half months, while for patients who are dead 
at the time of wilting but who had bilateral amputations it Mas seienti- 
thiee and thiee-tenths months 

This study and our expeiience with amputation of the remaining 
leg for gangrene suggest that the incidence of bilateral gangrene in 
diabetic patients who have had one leg removed for obliterative artenal 
disease is about 40 per cent, that the moitahty of the first amputation b 
nearly twice that of the second and that patients who accept bilateral 
amputation ma}’- look forward to neail)' twice the life expectancy of the 
others 

The physical as well as the economic future of the diabetic patient 
who has had an amputation foi gangrene is not pleasant to contemplate 
These as well as the immediate hazards of the disease should be kpt 
constantly before the suigeon as a stimulus to simplif)’’ the management 
of these patients and to minimize the duration of hospitalization 

Refusal of 0 pci at ion — ^As has been stated, it has been our policj to 
insist on the discharge from the hospital of any patient with 
who refuses operation when in the judgment of our group 
seems indicated Realizing the seriousness of such a policy, ’ 
followed carefully all patients who have left the hospital agains a 
In several instances the trails of these patients seeking rehe a o 
follow'ed to various cities m New England and not in 
New Yoik city AVhen one realizes that in the thiiteen years p^^ 
Jan 1, 1939, only 33 patients have refused amputation, 
be impressed with the confidence wdnch group discussion an j,r 

inspire in a patient natients 

The end result is known foi all of the 33 cases ^ Tprogres''"^ 
survived later amputation of the extiemity , 20 died eit er o 
gangrene or after amputation elsewhere , 1 had slow lea i ^ jo 
never been able to walk on his foot, 1, who does not 35 tlie 

this group but is included because amputation w'as jgter of 

procedure of choice, had gi adual healing and died our 
coronary thrombosis I only wish it w^ere possible to person 

the financial sacrifice made by the families of these un or 
in their vain endeavor to accomplish the impossible 

SUMMARY jj,e 

The organization at the New England Deaconess Ho an 

caie of patients with diabetes melhtus and a gangrenou 
extremity is described 


11 Twenty-five of the 33 patients were women 
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Nine hundied and seventy-two cases of obliterative vasculai disease 
in patients with diabetes mellitus are leview’ed 

The sex disti ibution was about equal The avei age age w'as 64 3 
}eais The a%eiage duiation of diabetes w^as eight and seven-tenths 
3 ears The nioitaht) in the hospital was 94 pei cent The moitality 
after inajoi amputation was 13 9 pei cent 

The causes of death in 73 fatal cases are discussed 
A compaiison is given of the lesults following the use of silk and 
catgut sutures in 112 consecutive piimaiy supiacondylai amputations 
One hundied consecutue patients who left the hospital aftei a majoi 
amputation for gangrene have been followed The incidence of gangiene 
of the other extremit\, the suivnal rates and the aveiage postoperative 
duration of life are given 

The end results m the cases of 33 patients wdio left the hospital after 
refusing amputation aie given 



RECENT ADVANCES IN ANESTHESIA— 1939 
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With the passing of each successive year, many additions to the 
lapidly expanding field of anesthesia are made The past year has 
added its share of developments Although theie has been but slight 
advance in the development of new anesthetic agents which are superior 
to older agents, valuable advances in the use and application of older 
agents and methods have been made With inhalation and regional 
anesthesia still holding their place among the standard methods, intra 
venous anesthesia has made a progressive advance Its increased use 
fulness has been apparent throughout the United States, and its 
promising possibilities are being fulfilled Advances in local, spinal, 
inhalation and intravenous anesthesia will be considered individually, hut 
befoie this is done a consideration of other methods is in order 
Rectal anesthesia still holds a place in selected cases, but its use 
is not as prominent as heretofore Ether in olive oil is still much 


employed for obstetric anesthesia and analgesia but is now little used 
in general surgery Tnbromethyl alcohol in amylene hydrate (avertin 
with amylene hydrate) is still extensively employed as a basal rectal 
anesthetic and fills a useful place However, to be thoroughly safe it 
should be used only to produce basal narcosis and not as the sole anes 
thetic agent Many anesthetists prefer to administer one of the bar 
biturates orally, rectally or intravenously foi pi eanesthetic iriedicatiou 
in prefeience to othei, moie complicated basal anesthetic agents 
administered by rectum 


As young children possess a relatively high tolerance to the rectal 
administration of tribiomethyl alcohol in amylene hydrate (aicrti 
with amylene hydiate), the use of this anesthetic is often of advantage 
This is true particularly m certain operations and manipulations abo^^ 
the respiratory passages As an example, one may cite the remora 
of a foreign body fiom the trachea or esophagus of a young child 
rectal administration of this agent usually'' produces sufficient anest 
for completion of the procedure Too deep a narcosis is not desira 


From the Section on Anesthesia, the Mavo Clinic 
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and it IS safei to maintain the phai)ngeiil and lai 3 mgeal leflexes to a 
ceitain degicc The avciage dose langes between SO and 100 mg per 
kilogiam of bod} weight, the dose ma}' be inci eased slightly if the 
child IS paiticulaily lobiist The solution should be instilled about ten 
minutes piioi to the manipulation The fact that the child is not 
completely lelaxed and ma} cough oi stiain at times is not of partic- 
ular disadvantage to the sui geon , when these signs ai e present the 
child will barely be ovei depi cssed Equipment foi administration of 
OX) gen and foi maintenance of a fiee an way should always be avail- 
able 

The barbiturates continue to be useful as basal naicotics foi lectal 
administiation When persistent \omiting is piesent oi when the 
patient is psychotic and lefuses medication b) mouth, the lectal loute 
may be emplo}ed A longer-acting baibituiate, such as sodium amytal 
(sodium isoam 3 lethylbaibituiate), is preferable if prolonged sedation is 
desired, if a shorter period of sedation is requiied, pentobaibital sodium 
or one of the shortei -acting barbitiuates will be adequate One of the 
shortei -acting barbiturates will be moie desiiable foi use as a preanes- 
thetic medicament The rectal method of administering barbiturates 
IS particularly useful for the sedation of 3 'oung childien Pentobarbital 
sodium administeied half an hour piior to the giving of a blood tians- 
fusion to a child rendeis him quiet and amenable to the proceduie 
Usually he will rouse only dining the vempunctuie, and he will sleep 
quietly during the infusion Such sedation makes administration of 
a tiansfusion to an infant or a 3 'oung child much easiei to accomplish, 
and the child seldom remembers the occurrence Childien toleiate 
pentobarbital sodium well, and those as 3 ^oung as 1 yeai of age ma}’^ 
be given grains (0 1 Gm ) If there is an}'- doubt as to the amount 
to employ, a smaller dose — foi example, ^ gram (0032 Gm ) — 
should be given and repeated until the desired effect is obtained The 
easiest method of administering pentobarbital sodium by lectum is m 
a capsule, which should be punctuied several times with a pin prior to 
insertion to hasten solution and absoiption If desiied, a solution of 
the drug may be made up and instilled into the rectum or the drug 
may be administered in the foim of a suppository 

Adequate pieliminary medication is essential prior to inhalation, 
local, spinal or intravenous anesthesia The agents still most fre- 
quently employed for this purpose aie morphine and atropine admin- 
istered subcutaneously and a barbiturate administered orally, rectally 
or intravenously Some physicians prefei to employ scopolamine instead 
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of ati opine Preinedication is begun the night befoie operation, at 
this time, 1^4 grams (01 Gm ) of pentobarbital sodium is admin 
isteied 01 ally The following morning an additional to 3 grains 
(01 to 0 2 Gm ) of pentobarbital sodium is administered by mouth 
about an hour and a half before the operation One half to three 
quarters of an hour before the operation, % gram (001 Gm) 
of morphine sulfate and % 5 o giam (0 00043 Gm ) of atropine sulfate 
are given by hypodermic injection The dose of the various agents will 
vary with each patient, depending on the degree of excitability and on 
whether or not the condition of the patient contraindicates the use of 
one or more of the agents 

Endotracheal intubation becomes more and more useful as time 


goes on, both as an adjunct to anesthesia and for purposes of resuscita 
tion The Magill ty^pe of cuived, soft rubber catheter continues to be 
the apparatus of choice For resuscitation, a rigid or semirigid tube 
may have advantages m certain cases m which intubation is difficult, 


oi the Magill tube may be inserted by means of an obturator to gnc 
the endotracheal catheter added rigidity Catheters with inflatable cu s 
are used in certain instances (for example, m some intratlioracic opera 
tions) and when a leakproof system cannot be otherwise maintame 
Ordinarily, this may be accomplished by means of a moist or petrolatum 
gauze pack placed firmly in the oropharynx, around the 
catheter Endotracheal intubation is not performed routinely m ge 
surgical procedures with inhalation anesthesia but is reserved ^or u^ 
111 cases m which a free airway may not be otherwise obtained u u 
tioii is most frequently carried out prior to the beginning of 
tion if the proposed procedure is on the upper part of the a 
if it IS to be long or extensive or if the patient is frankly a poor 
and complications are anticipated Most intracranial operations 
extensive operations about the head and neck continue to be per 


under endotracheal anesthesia catheter^ 

Pyrex glass tubes, for merly used to protect the endotrachea ca 
and maintain them in a clean or sterile condition, have been sup 
b)" transparent, unbreakable plastic cases curved to the shape 
catheter Whether both the endotracheal catheters and 
cases are to be maintained m a sterile condition is a matter 
preference In any ev ent, the casing serves the purpose, p^ 
catheter from any gross contamination after it has been oi 
it from injury and prolongs its life These plastic cases are 
durable and seldom need to be replaced Although they are 
to boiling, to autoclaving or to the action of sterilizing agents 
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alcohol, the\ ma\ be safel} stenli7ed in aqueous solutions ot metaphen 
(the anlndride ot 4-nitro-5-h}drox\mercuiiorthociesol) or merthiolate 
(sodium etln Imercurithiosahc} late) 

INTRWENOUS ANESTIIESI 

Although no new agents possessing outstanding merit as intra\ enous 
anesthetics haie been e\ohed during the past }ear, ceitain impro\ements 
and ad^ances ha%e been made m the method of admimstiation and scope 
ot the agents alread\ in use The most reliable and satisfactorj agents 
m use at present for this purpose, as has been prexiousl} reported are 
the short-acting barbiturates pentothal sodium (sodium etb^l-l-meth}l- 
but\l tbiobarbituric acid) and eripal sodium (sodium n-meth) 1-c-c-C} clo- 
hexanolmeth} 1 barbituric acid) Both produce eftectne and satisf actor} 
anesthesia when administered b} the fractional method of injection 
Their use is safe onh m the hands of competent anesthetists who are 
aware of the dangers and contraindications The technic ot administra- 
tion, the effects and the scope of action of these two agents run parallel, 
and each fills a useful place Pentothal sodium is the more potent of 
the tw 0 , it produces better anesthesia, and somew hat smaller doses are 
required One of the most important ad\ances in mtra\ enous anesthesia 
is the reduction in concentration of the solution to be injected During 
the past few 3 ears the concentration has been reduced from 10 per cent 
to 5 per cent, and it has now been further reduced to 2 5 per cent This 
concentration is felt to be the optimum for a number of reasons Since 
pentothal sodium in 2 5 per cent solution has been emplo} ed, the inci- 
dence of dela}ed phlebitis has been reduced to practically ml, as has 
that of other forms of venous irritation following its use Should 
extra^ enous injection of such a dilute solution occur, the irritating 
effect on the tissues would be slight and transient Although a larger 
\olume of solution must be injected than would be necessary if a more 
concentrated solution were emplojed, the resultant anesthesia is just 
as effectue \\ ith use of a 2 5 per cent solution, smaller total doses 
ha^e seemed to be emplojed, and there is less tendency, particular!} for 
the beginner, to give larger doses than are actually required Thus, a 
wider margin of safet} is attained 

The scope of intra\ enous anesthesia has also been widening, and 
the t}pes of operation for which it ma\ be used to advantage haie 
increased The fact that it is a method which excludes the hazard of 
fire and explosion is one factor which accounts for its increasing use 
Improred methods of administration are another Minor operations 
in all fields of general and special t}pes of surger^ ha\e been performed 
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for some yeais with the use of intiavenous anesthesia, longei and more 
extensive opeiations aie now being done This has been accomplished 
laigely through the use of suitable supplementation of the intraienous 
method Local and legional anesthesia, which has been eniplo}ed for 
some time foi this puipose, reduces the amount of the barbiturate 
necessary to produce satisfactory anesthesia Certain abdominal opera 
tions ma}^ be peifoimed with safet}" by using such a combination 
Intravenous anesthesia is increasing as a supplement to spinal anes 
thesia when the latter is inadequate or is beginning to wear oft or i\hen 
nausea oi straining is present It is well to inject the barbiturate ^er^ 
slowly and cautiously if the patient has been given a spinal anesthetic, 
otherwise, overdepiession of a respiratory function already depressed 
by the spinal anesthetic may result 

In cei tain cases even excessn^e amounts of the barbiturate fail to 


produce adequate anesthesia It is un\\ise to continue gumg such large 
doses Lundy has suggested intravenous administiation of morphine 
as a supplement m such instances The s^Tlnge containing the bar 
bituiate is removed from the intravenous needle, which is left m 
vein A syringe containing % gram (0 01 Gm ) of morphine siiltate 
in 3 cc of pltysiologic solution of sodium chloiide is attached to tlj 
needle, and small fractional doses of the morphine are administere^^ 
Throughout the injection the patient is carefully watched for 
an untoward effect The dose administered depends on the condition 
the patient and the reactions observed It may raiy from hk 
gram (0 0027 to 0 01 Gm ) On completion of the 
morphine, the syringe containing the barbiturate solution is 
attached to the needle, and administration of the lattei drug is con 
The usual result is that the patient reacts favorably to 
of the barbiturate, and average doses then produce adequate mic 
Administration of oxygen from the gas machine 
intravenous anesthesia permits the carrying out of more 
tions than could otherwise be safely accomplished This is 
true of certain abdominal operations The effect of the oxjgc 
better relaxation when less of the barbiturate is used 3^'^ becoiH'- 
by lespiiatoiy depression does not occur unless the gutro! 

obstructed The use of oxygen permits better minute to mm 
and the movements of the breathing bag provide ot 

to respiratory exchange Such a method also permits ^ 

nitrogen monoxide to the oxygen for patients who 
amount of the barbiturate Administration of 50 to 70 pei" 
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monoxide m oxygen to patients of this type mateiially deci eases the 
total amount of intravenous anesthetic necessaiy without inci easing 
the danger of anoxia This combination is 100 pei cent fiiepioof and 
explosion-pioof and peimits the fiee use of the cauleiy, diathermy or 
other electric apparatus Even with these supplements, extensive abdom- 
inal operations with intiavenous anesthesia aie haidly justified 

The use of intravenous anesthesia for certain t3^pes of operations 
on the larynx has proved to be another advancement In the past, 
operations for lesions on oi about the vocal cords with the use of direct 
laiyngoscopic procedures were pei formed with the patient under deep 
ether anesthesia Intiavenous anesthesia was felt to be contiaindicated 
Ether anesthesia, although satisfactory, earned with it certain disad- 
vantages To obliterate the laryngeal reflexes the anesthesia had to 
be carried to a deep plane, necessitating the use of large quantities of 
ether As a result, the pei rod of recovery was prolonged and there 
was much nausea and vomiting This was out of piopoition to the 
duration of the operation, which often takes only a few minutes Cer- 
tain modifications in the technic of intravenous anesthesia are necessaiy 
to the successful handling of patients by this method Befoie the patient 
is placed on the operating table, the pharynx and the legion of the glottis 
•and epiglottis are thoroughly cocainized by topical application of a 10 
per cent solution of cocaine hydrochloi ide until the leflexes aie obliter- 
ated As soon as induction of intiavenous anesthesia is complete, the 
glottis is visualized, and further cocamization of the vocal cords is 
carried out if necessaiy Before the operation is begun, a pharyngeal 
tube is passed by the nasal route and is connected to the gas machine 
for the purpose of delivering oxj'gen inti apharyngeally to the patient 
With such a sequence it is not necessary to maintain too deep a plane 
of anesthesia Ether presents some fiie hazard, as the electrocautery 
is used frequently in the treatment of lesions in this region This 
danger is completely excluded by the use of intravenous anesthesia 
The period of recovery is shortened, and the patient is saved much 
postoperative discomfort The tendency to postoperative pulmonary 
complications is lessened 

Bronchoscopic oi esophagoscopic examination of certain nervous and 
apprehensive patients may be performed in a similar manner The 
chief variation in technic is that after induction of anesthesia and intro- 
duction of the instrument, administration of the anesthetic agent is dis- 
continued, and additional doses seldom are required The patient may 
attempt to cough and strain, but this is of little moment to the surgeon, 
who IS accustomed to working under such conditions As a result of 
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this technic, the patient is leacting vigorous^ bj the tune the exaimna 
tion IS complete and is able to cough up blood, pus or mucus wliich 
might othei wise cause obstruction On the other hand, if deep anes 
thesia is maintained throughout the operation, inecbanical obstriiciion 
to respiiation ina)' follow lemoval of the laryngoscope, this is abetted 
by the loss of stimulus to the lai3'ngeal reflexes following remoNalo! 
the instuiment 

Such procedures aie highly technical, and the use of uitraienoii' 
anesthesia foi them is safe only m the hands of anesthetists iiho are 
widely expel lenced m these specialized methods 

The impoitance of iiitiaxenous anesthesia in military surgerj 
neiei been as fully realized as at present The ease of transporting te 
simple equipment requiied adds to the value of the method As tbc 
solutions aie relatively stable foi periods ranging from twentr-four to 
forty-eight hours piovided the)'^ are not exposed to light and au for 
prolonged periods, sufficient solution for several administrations nw) 
be made up in a 500 cc bottle equipped with a sterile rubber stopper 
S}’’! urges may be filled as needed by piercing the stopper witli a suitable 
needle 


INHALATION ANESTHESIA 

Inhalation anesthetic agents and methods have shown little chaiis^ 
duiing the past year Despite advances in othei fields of anesthesia 
inhalation methods continue to be of inajoi importance Ether reniai 
as useful as ever and continues to hold its place as the safest anes 
for general admmistiation Although ether is now 
b}'^ means of the gas machine in combination with oxygen an 
gases, the usefulness of the drop method should not be 
This method still has wide application, owing to its simpbcit) ^ 
safety, particularly m the hands of surgeons of limited exp 
Dnnnyl ethei and ethyl chloiide still enjoy a limited field of 
m some sections of the United States Among the gaseous 
mtiogen monoxide, ethylene and cyclopiopane all continue to^ 
si\ el}^ employed The carbon dioxide absorption technic of n 
ing these agents with oxygen and with or without the addition 
lemains in almost unnersal use The leliabihty of nitrogen 
foi induction followed by administration of ether by the c os 
IS attested by the high percentage of cases in wnicn t 
employed Of the three aforementioned gaseous 
nitrogen monoxide only is nonexplosive In the light of 
explosions that have occurred in the past year m cases m 
propane was being used, man}'’ anesthetists have adopted a co 
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attitude toward its use Most of these explosions liave been atti ibiited 
to Ignition of the explosive mixtuie b}^ electi ostatic spaik Many diffci- 
ent attitudes in legard to the use of cyclopiopane have aiisen fiom 
these occurrences Some anesthetists continue to employ it as pie- 
Mously, others, while continuing to use it, hare adopted methods of 
electric mteicoupling of the anesthetists, the patient, the gas machine 
and the opeiatmg table to disseminate accumulated electi ostatic chaiges, 
and still others feel that its use should be limited to cases m which it 
IS definite!} indicated Those who favoi the last-mentioned piactice do 
not keep a tank of c} clopropane on the gas machine but place the tank 
on the machine foi use only dining the duiation of anesthesia m the 
selected cases 

Examples of suitable piocedurts might include opeiations foi mtia- 
thoiacic tumors lobectomy oi pneumonectomy and opeiations for 
diaphi agmatic hernia This agent may he used also m ceitain cases 
of infection of the respiiaton tract m which inhalation anesthesia 
appears to he indicated Cardiac nregulaiities occuiring in the couise 
of cyclopropane anesthesia have received moie attention m lecent months 
than formerly C3'clopropane is of definite value in certain cases, but 
Its dangers must always he home in mind 

LOCAL, REGlOXAL AND SPINAL ANESTHESIA 

Procaine hydrochloride continues to head the list of local anesthetic 
agents owing to its comparatively low toxicity and wide maigiii of 
safety This applies to all forms of local and legional, including spinal, 
anesthesia The use of metycame, among othei local anesthetic agents, 
continues to increase Its longer duration of action, dose for dose, 
as compared with procaine hydrochloi ide often makes it the agent of 
choice foi the blocking of neive trunks and plexuses as well as foi 
producing spinal anesthesia for operations lasting moie than forty-five 
minutes As the technic of its administiation is identical with that of 
procaine except for a 10 to 20 pei cent reduction in the dose, it seives 
as a valuable alternative local and spinal anesthetic agent for lobust 
peisons Pontocaine hydrochloride continues to be favored by some 
physicians as a spinal anesthetic for prolonged opeiations on the lower 
part of the abdomen and on the pelvis Ceitam workeis combine 
dextiose with pontocaine hydrochloi ide to aid m controlling the level 
of anesthesia The use of periduial anesthesia leinams limited, and 
the results obtained with this type of anesthesia cannot yet be said to 
be consistent and reliable 
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Local anesthesia has been emplo)^ed as a supplement to mtraveiiou'; 
anesthesia to the advantage of both methods, and by the use of such 
a combination the scope of both methods has been broadened Standard 
blocks, such as sacral block, ceivical block, block of the brachial plexus 
and paravertebral block, are employed as frequently as in the past, 
although intravenous anesthesia now supplants regional anesthesia in 
certain cases or is used to supplement the latter method The use of 
diagnostic and theiapeutic neive block appears to be generally on the 
increase 

Spinal anesthesia would appear to have become adjusted to its level 
of usefulness While some surgeons continue to favor its use for 
operations on the upper part of the abdomen, it is employed more often 
for opeiations on the lower pait The lower the level of spinal anes 
thesia required, the safei the method becomes Ephedrine contiiiuec 
to be widely used for xmsopressoi pin poses The usual dose of 
ephedrine is 25 mg administered prioi to the injection of the spinal 
anesthetic agent Should an additional dose be required, intravenous 
administration is to be preferred, as subcutaneous or intramuscular 
administration produces an inadequate effect Neo-synephrin hydro 
chloride continues to be piomising as a vasopiessor agent m spma 
anesthesia 



Introductory Note 


SYMPOSIUM ON PROTRUDED INTERVERTEBRAL / DISKS 

This group of papers on protrusion of intervertebi al disks is pre- 
sented in an attempt to bring up to date the knowledge of this definite 
pathologic and anatomic condition, which has m years past foi the most 
part gone unrecognized and which results in untold suffering and accounts 
for a tremendous economic loss because of the incapacity of peisons 
so affected 

These papers are not a collective study, for thei e has been no pooling 
of statistics and each author has been requested to write fiom his own 
experience and to state the conclusions which he has reached with regard 
to this intriguing, important and timely problem 

J Gkafton Love, M D 
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NEUROLOGIC PICTURE OF HERNIATIONS OF THE 
NUCLEUS PULPOSUS IN THE LOWER 
PART OF THE LUMBAR REGION 

R GLEN SPURLING, MD 

^ND 

EVERETT G GRANTHAM, M D 

LOUISVILLE, KY 

In June 1939, one of us (R G S ) in collaboration \Mth Biadforcl ^ 
suggested a group of criteria that could be relied on in the clinical 
diagnosis of a herniated nucleus pulposus at the fourth oi fifth lumbai 
interspace These criteria weie based on a series of 10 cases in which 
surgical procedures were done without the aid of contrast myelography 
Now, after a larger experience, we aie repoiting on the success of these 
criteria and amplifying those points which have been shown to be of 
the greatest importance in diagnosis 

We have avoided the term “protruded intervertebral disk” because 
we do not consider that it accurately designates the pathologic process 
m many cases In order for the disk to produce symptoms we believe 
the annulus fibrosus must have been ruptured or torn, and if the nucleus 
pulposus IS extruded through the tear a certain group of symptoms will 
usually appear, if the nucleus is not so extruded, howevei, another set 
of symptoms will be encountered Therefore, we shall use the term 
“rupture of the intervertebral disk,” with or without herniation of the 
nucleus pulposus 

It cannot be emphasized too often that a history of recuiient pain 
low in the back and sciatic pain is not always indicative of disease of an 
intervertebral disk Neoplasms within the spinal canal oi along the 
course of the sciatic nerve, rectal or pelvic pathologic conditions and 
diseases of the osseous structures must be ruled out by clinical and 
roentgen examination before a clinical diagnosis of ruptured inter- 
vertebral disk can be made 

From the Department of Surgery, University of Louisville School of Medicine 

1 Spurhng, R G , and Bradford, F K Neurologic Aspects of Herniated 
Nucleus Pulposus at the Fourth and Fifth Lumbar Interspaces, JAMA 
113 2019-2022 (Dec 2) 1939 
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ANATOMIC CONSIDERATIONS 

A thorough knowledge of the anatomic relations in the lower lumbar 
portion of the spine is essential to a clear understanding of the sjrap- 
toms and signs of a herniated nucleus pulposus at tins level The 
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Fig 1 — Diagram showing the levels of the various the lef* 

and nerve roots with reference to the vertebral column The ta u, gan 

cates the muscles innervated by the various roots (From an i ComP'*'^' 

S W Anatomy of the Nervous System, Philadelphia, W 
1931 ) 
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relation of the fifth lumbar nerve to the disk between the bodies of 
the fourth and fifth lumbar vertebiae and the relation of the first sacial 
nerve to the lumbosacral disk are especially important, since ovei 96 
per cent of luptured disks occur at these levels 

The spinal cord terminates opposite the intervertebral disk below the 
first lumbar vertebra (fig 1) The nerve roots of the cauda equina 
are freely mobile m the large lumbar canal except as they approach 



Fig 2 — Diagrammatic representation of the thecal sac and the lower lumbar 
and sacral nerves to the pedicles and intervertebral disks of the lower part of 
the spine 


their points of exit, where they aie fixed It is therefore apparent that 
only those roots that are compressed near their points of exit cause 
symptoms and signs of localizing value unless the lesion is a tremen- 
dously large one that compresses uniformly the roots of the cauda 
equina At the level of the fourth intervertebral space the fifth lumbar 
neive lies in the subarachnoid space, fixed laterally against the dura 
The dural sleeve of the fifth lumbar nerve below the level of the fourth 
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lumbar interspace passes downward beneath the pedicle of the fifth 
lumbal vertebra through the intervei tebral foramen (fig 2) The same 
relations exist between all the lumbar nerves and their respectue di4s 
In contrast, the dural sleeve of the first sacral nerve separates from the 
thecal sac above the lumbosacral disk and can thus be compiessed without 
deforming the sac A lateially placed lesion of the fourth disk, there 
fore, would first compress the fifth lumbar nerve, and, furthermore, the 
foul th lumbar nerve could not be compressed by a lesion at this point 
unless it protruded into the intervertebral foramen (fig 3) Likewise, 
at the fifth lumbar disk the first sacral nerve is compressed fiist 



Fig 3 — Diagram illustrating the mechanism of compression 
the fifth lumbar and first sacral nerves from a lateral herniation 
pulposus at the fourth lumbar interspace 


of the root ci 
oi the nuck” 


Most anatomic investigators have failed to gPonii 

nerve supply to the intervertebral disk It has been repeatec^} ^ 

however, that the posterior longitudinal ligament contains 

supply of sensory nerves These anatomic data have not coi _ 

our clinical observations, because w e have repeatedly ha P 13 

complained of pain in the back during operation with o^ca^^^ 

when the annulus fibrosus was manipulated Consequ t 

undertook a reinvestigation of the innervation of the inten 

d the 

2 Roofe, P The Innervation of the Annulus Fibrosus an f 

Longitudinal Ligament at the Fourth and Fifth Lumbar Leve, 

Psychiat , to be published 
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and his researches have conclusively demonstrated a profuse supply of 
sensory neives in the annulus fibrosus as well as m the posteiioi longi- 
tudinal ligament (fig 4) Furthermore, his investigations indicate that 
the nen^e supply to the annulus fibrosus is thiough a recurrent branch 
just distal to the posterior root ganglion After separating fiom the 
main trunk, it reenters the intervertebral foramen and supplies the hga- 





Fig 4 — Photomicrograph of a strand of unmyelinated nerve fibers in the 
annulus fibrosus Gold chloride technic of Garvin, X 145 (Roofe-) 

mentous structures two vertebrae lower than the exit of the spinal 
neive (fig 5) This anatomic fact sheds much light on the symptoms 
both m cases in which the pathologic process is limited to the ligamentous 
structures of the lower part of the lumbar and the lumbosacral region 
and in those in which a tear of the annulus fibrosus has led to herniation 
of the nucleus pulposus 
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It IS apparent from the lelations just indicated that a knowledge of 
the exact couise and distribution of the fourth and fifth lumbar and 
fii st sacral nerves, motor and sensory, is essential to a proper clinical 
understanding of symptoms due to lesions in these areas In the presence 
of a herniated nucleus pulposus the usual finding of hypesthesia or 
anesthesia of the lateral aspect of the leg probably depends on com 
bmed involvement of the fifth lumbar and the first or second sacral 
deimatome, since involvement of a single spinal nerve rarely gnes 
objective sensory deficit However, paresthesias may result from invoke 
ment of a single spinal nerve The dermatome of the fifth lumbar 
nerve is small, but with associated loss referable to the first sacral nene 



fn the 

Fig 5 — Distribution of the second recurrent lumbar nerve i . ^^gj-tebral 
the third and fourth lumbar vertebrae and the fourth and bft in er 
disks (From an illustration in Spurting and Bradford 


there would probably be an area of hypesthesia on the 
aspect of the leg Similarly, the fiist and second sacral 
necessarily be affected to give hypesthesia or anesthesia o 
lateral aspect of the leg The small gluteal dermatomes jJip 

involved except in lesions sufficiently laige to compress set 
dural sac (fig 6) 


CLINICAL CONSIDERATIONS 


Matenal Studied — ^The clinical data presented m 


accumulated from 125 consecutive laminectomies 


performed 


weti 
for 


table pain low in the back and sciatic pain There were 
frank rupture of the annulus fibrosus with herniation o 
pulposus In the remainder of the senes the final diagnosis 


92 case^ 


of 
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I ifc 6 — \])pro\iiiutc di.niMlonic>) oi ( 1) tin. fiftli Iiuulni ( /; ) tin. (iist mu J 
and (C) the second sacnl nerve roots In illustration 1, A itpreseius tlie vuilril, 
B the dorsal and C the lateral view In illustrations B and C I repiescnts tlic 
^entral, B the lateral, C the dorsal and D the mesial view (Modified from illus- 
trations in Tilnei, F, and Rilej, II A The Forin and runctions of the Central 
Nervous Sjstem, New York, Paul B Iloebcr, Inc, 1938 Hie three parts of 
figure 6 have been published also by Spurhng and Bradford 

3 Bradford, F K, and Spurhng, R G Intraspnial Causes of Low Back 
and Sciatic Pain Results in Sixty Consecutive Low Lumbar Laminectomies, 
Surg, Gvnec &. Obst C9 446 (Oct ) 1939 
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in 1 and at both the fourth and the fifth in 1 The incidence, there 
fore, of ruptured intervertebral disk at the fourth and fifth lumbar 
interspaces in our senes was 99 per cent 

Twenty-seven patients with this condition were subjected to operation 
on the basis of clinical findings alone, i e , without the use of contra'! 
myelogiaphy 


Symptoms — In cases of ruptured intervertebral disk an accurate 
history is perhaps as important in diagnosis as it is in cases of tic 
douloureux The story from an observing patient may be so character 
istic that not only is the probable diagnosis indicated but the exact leie! 
of the lesion can be prophesied 

The initial symptom of disease of an intervertebral disk is, alnwit 
without exception, pain low in the back (lumbago) In the absence 
of a definite tiaumatic history, the onset of acute pain m the bad is 
usuall} associated with lifting in a bent-forward position or witli sudden 
torsion of the trunk The pain in the back may be mild or seiere 
but in the majonty of instances it is incapacitating It is relieved onl) 
by absolute immobility, usually in a recumbent position It is 
intensified by movements affecting the spine As the acute pain 
sides and the patient becomes ambulatory, he usually finds that bend!iii,i 
and especially lifting m a bent-foiward position, causes recurrence o 
the pain The point of maximum intensity is usually the midlme, u 
It may be to one side of the midline or may even be most 
one 01 both sacroiliac articulations Repeated attacks of low ac 
disability" may precede the onset of sciatic pain However, 
pain may appear shortly after the onset of the initial liiinbago 
pain m the leg increases in intensity, the pain in the back nia\ 
or entiiely disappear The pain in the leg may not be uniiorm 
the course of the sciatic nerve Points of gieatest of 

to be in the gluteal region, the posterior part of the thigh, t le 
the knee or the lateral aspect of the leg and ankle During t 
episode the pain both in the back and in the leg is intensified by coUa 


straining or sneezing 

Paresthesias are a common accompaniment of the pam m 
Many patients complain of tingling, prickling, electrical 
ness or numb sensations m any one of the mvoh ed 
Paresthesias below the knee in the lateral aspect of the kg o'" 
in the second, third and fourth toes are characteristic of 
fifth lumbar interspace Paresthesias involving the great ° 
of the foot and the medial aspect of the heel are 
associated xvith lesions at the fourth lumbar interspace ^gj,g}iiri2 
are usually not constant but appear with certain postures or 


straining or sneezing 
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NafT^iger and Jones ba\c described a test ubicb we feel is of 
extreme importance in tbe diagnosis of intiaspinal lesions It is pci- 
formed by occluding both jugulai veins until a sense of fulness m tbe 

4 Lasegue, C Consideration siir la scnluiuc, Arcli gen dc iiied 2 558 

1864 

5 Naffziger, H C, and Jones, O W Dermoid Tumors of the Spinal 
Cord, Arch Neurol & Psychiat 33 941 (May) 1935 
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2 Positive Lasegue test 

3 Positive Naffzigei test with paresthesias involving the fifth lumbar, 
the first sacral and peihaps the second sacral dermatomes 

4 Ankle and knee jerks uninvolved 

5 Hypesthesia and paresthesias in the fifth lumbar and first sacral 
dermatomes 

Fifth lumbar interspace 

1 Disability of the lower part of the back with absence of lumbar 
loidosis and localized tenderness to pressure over the fifth lumbar 
vertebra 

2 Positive Lasegue test 

3 Positive Naffziger test, producing paresthesias radiating into the 
fiist and second sacial dermatomes 

4 Diminution or absence of ankle jerk 

5 Hypesthesia involving the first and second sacral dermatomes 


COMMENT 

The recuirent episodes of pain low in the back which almost iii'iiri 
ably precede the sciatic pain of herniated nucleus pulposus are pro a 
due to disease of the intervertebral disk and the posterior longitn 
ligament Tearing of these structures either from frank trauma or 
a result of repeated small traumas incident to weight bearing mat ^ 
the only cause Of couise, the susceptibility of the disk to trauma i 
be due to congenital weakness or to degenerative changes m this s r^^^ 
ture With tearing of the annulus fibiosus and the 
matory reaction theiefrom, the sensoiy neive endings, with 
structure is richly supplied, are stimulated , hence the pain m 
The pain remains localized to the back unless the tear is su 
large to permit extrusion of the nucleus pulposus or detacie 
of the annulus fibrosus into the spinal canal When such 
occurs, one oi more roots of the cauda equina may be 
and then pain in the leg results Whether or not fiepe 

logic signs occur depends on the degree of compression o 


roots 


recurren' 


Many patients with injurj' to the annulus fibrosus and eien 
attacks of lumbago undoubted!}' recover without the ^ 


roots 


niedi-s 


a herniated nucleus pulposus that impinges on the nerve ^ 
be remembered, however, that the nucleus may extrude throUo 
rupture of the annulus fibiosus without causing root compr 
cient to produce pain in the leg The dominant sympto 
circumstances would continue to be local pain in the ac 
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Tears of the annulus fibiosus appaiently are moie likely to occui 
in the posterolateral aspect, owing to the poor lateial development of 
the posterior longitudinal ligament, which supports the annulus fibrosus 
At the third lumbar intei space such a posterolateral herniation com- 
presses primarily the fourth lumbar nerve root just above its exit from 
the dural sleeve At the fourth lumbar interspace the fifth loot is thus 
primarily compressed Howevei, if the herniation occurs far lateral- 
ward at either level the root coi responding to the mtei space may be 
compressed at the intervertebral foramen If the herniation is large, 
the thecal sac may be compressed from the side, and, in addition, the 
lower nerve roots on the same side may be sufficiently compressed to 
produce a neurologic deficit Rarely, however, is disruption of the disk 
sufficiently large to compress uniformly all the roots of the cauda equina, 
thereby producing diffuse bilateral signs 

It IS the compression of one or more components of the sciatic 
nerve which gives rise to the severe ‘sciatica” brom involvement of 
either the fourth or the fifth lumbar or the first sacral root alone, pain 
can occur along the entire course of the nerve That the knee jerk 
may be diminished or absent with herniation at the level of the third 
lumbar interspace is in keeping with the accepted innervation of the 
quadriceps femoris muscle by the fourth and fifth lumbar nerves That 
the ankle jerk is unaffected by typical herniations at the fourth lumbai 
interspace and is diminished or absent with herniations at the fifth 
lumbar interspace is also consistent with the accepted innervation of 
the gastrocnemius and soleus muscles by the first and second sacral 
nerves 

That these neurologic symptoms and signs are accurate and reliable 
IS attested by the fact that during the past eight months we have success- 
fully removed 26 consecutive herniations of the nucleus pulposus with- 
out confirmation with iodized oil or other contrast mediums In the 
twenty-seventh case, confirmation of the clinical findings was not made 
at operation In the same period we have used iodized oil m 28 cases 
for verification of the lesion In this group there were 12 cases in 
which the clinical findings were sufficiently clearcut to justify surgical 
exploration without iodized oil but in which for various reasons i oentgen 
verification was demanded In the group in which iodized oil was used 
theie were 4 failures of verification In 2 cases of this group the clinical 
picture definitely pointed to herniation at the fifth lumbar interspace, yet 
the iodized oil study indicated the lesion to be at the fourth lumbar inter- 
space The accuracy of the clinical findings in both instances was con- 
firmed, whereas the defects observed with iodized oil were explained 
only by the presence of a hypertrophied ligamentum flavum On the 
basis of our experience thus far we feel much safer m subjecting patients 
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to Opel ation when the clinical findings are clearcut than when an iodized 
oil study IS necessary for accuiate diagnosis 

SUMMARY 

1 The diagnosis of rupture of the intervertebral disk with herniation 
of the nucleus pulposus in the lower lumbar region can be made in 
many instances from clinical findings alone In fully 50 per cent ol 
cases, not only can the diagnosis of the lesion be made, but the exact 
level can be predicted accuiately 

2 A careful consideration of the clinical findings is of importance 
not only in selecting cases for operation xMthout contrast inyelograph) 
but in making a moie conservative selection of cases for the injection 
of iodized poppyseed oil 

3 The neurologic findings of herniated nucleus pulposus are not 
peculiar to this one clinical entity^, since neoplasms within the spinal 
canal or along the course of the sciatic neive, rectal or pelvic pathologic 
conditions and diseases of the osseous structures may simulate this 
clinical picture The need, therefore, of a complete clinical study o 
all patients with disability of the lower part of the back and of the eg 
befoie contrast myelography or exploration is resorted to is apparent 
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INTRODUCTION 

There is a gioiimg appieciation of the significance of the inter- 
vertebral disk in Its lelationship to spinal disease When it is remem- 
bered that the disks make up a full quarter of the total length of the 
presacral portion of the spinal column, it is evident that these stiuctures 
constitute an extensive organ In point of fact it may be said that the 
greater majority of conditions resulting m spinal deformity or in 
derangement of spinal function are primarily the outcome of involve- 
ment of the mtei vertebral disks 

Foi a clear appreciation of the pathologic pictures and notably for 
the intei pretation of pathologic processes and their genesis, a thorough 
acquaintance with the structure and function of the disks is essential 
From decade to decade there are considerable vaiiations m both the 
anatomic character and the physiologic competence of the disks , hence it 
IS necessary to consider their de\ elopmental history Nonetheless a 
fine distinction at any given age period between what is normal and 
what pathologic is often difficult to draw It is this difficulty which 
emphasizes the need for examination of the disk m terms of a con- 
tinuous process of change For this point of Anew we are indebted 
to the late Professor Schmorl, of Dresden, Germany, whose woik, 
togetlier Avith that of his pupils, has served to develop what we feel to 
be the fundamental approach to pathologic conditions of the disk 
Schmorl’s pioneer effort has been the stimulus for much further ini'-esti- 
gation along such lines 

From the Department of Applied Anatomy and the Department of Orthopaedic 
Surgerj’, Unnersity of California Medical School 

For a complete bibliography of the subject the reader should consult Saun- 
ders, J B deC M, and Inman, V T The Intervertebral Disc A Critical and 
Collective Review Internat A.bstr Stirg 69 14-29 1939, in Surg Gvnec S. Obst 
Tulv 1939 
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ANATOMIC AND HISTOLOGIC ASPECTS OF THE NORMAL DISK 

The interval between each two vertebral bodies is occupied by the 
intervertebral fibrocartilaginous disk The vertical thickness of each 
disk varies from region to region, being thinnest from the third to the 



]\Ot6 

Fig 1 — A, dissection of the cartilage plate of a lumbar 
central zone, through which appears the underlying bone Perip 
ing with annular fibers is evident In the central zone a fjioracic 

vith gelatinous scars are seen B, sagittal section of a nor 
from a man aged 21 Note the three components of the dish 
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seventh thoracic and thickest m the lumbar segment Vential and 
dorsal inequalities m thickness confoim to and are in some measuie 
responsible for the characteristic curves of the spinal column The 
essential unit is made up of three parts the annulus fibrosus, the nucleus 
pulposus and the cartilage plates This concept of the disk as a tri- 
partite unit IS of the greatest importance for the inteipretation of the 
various morbid processes which affect these structures 

The caitilage plates cover the end sui faces of the opposed vertebial 
bodies On gross examination they are well defined centrally but dis- 
appear maiginallj by blending with the annulus fibrosus (fig 1^) 
Microscopically the plate is composed predominantly of hyaline caitilage, 
which is, however, definitely more fibrous at the peiiphery The cells 
of that surface, in apposition to the bony centrum, aie irregularly 
arranged i\hereas those of the internal aspect, facing the nucleus pul- 
posus, he for the most part parallel to the surface (fig 15) The 
average plate is approximately 1 mm in thickness but is usually thinner 
at the centei Maiginally the cartilage blends imperceptibly into the 
fibers of the annulus, and at this point its cellular elements tend to 
orient themselves m the direction of the entering fibers The surface 
opposed to the bone is found unsupported at the intertrabeculai intervals, 
where the bone marrow is found in direct contact with the cartilage 
plate The internal surface is shaiply delineated from the nuclear 
material However, delicate fibers passing vertically from the nucleus 
can be discerned entering the plate by suddenly changing their axis 
and paralleling its suiface 

The nucleus pulposus occupies approximately the centei of the disk, 
a little nearer the posterior than the anterior aspect The transition 
between nucleus and annulus is pi ogressively more indefinite the 
younger the specimen Normally the nucleus is soft and elastic, some- 
what slimy to the touch, and, because of its inherent turgor, bulges on 
section, above the cut surface In what may otherwise be consideied 
a health} disk one frequently encounters a cavity into which project 
villus-hke processes (fig 2) This cavity has been interpreted (Luschka, ^ 
Schmorl-) as a rudimentary joint space However, owing to the 
greater frequency with which such cavities are found in the disks of 
older subjects and their common appearance, appaiently as an artefact, 
on dehydration by alcohol during the process of sectioning, we incline 
to the opinion that these cavities are indicative of an early degiee of 
desiccation of the disk 

1 Luschka, H Die Halbgelenke des menschlichen Korpers, Berlin, G Reimer, 
1858 

2 Schmorl, G Ueber die an den Wirbelbanscheiben vorkommenden Ans- 
dchnung und Zerreissungsvorgange und die dadurch an ihnen und der Wirbel- 
spongiosa hervorgerufenen Veranderungcn, Verhandl d deutsch path Gesellsch 
22 250, 1927 
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Histologically the nucleus consists of a loose netwoik of delicate 
fibrous strands with a \anable number of cellular elements enmeshed 
Centrally the arrangement tends to be highly irregulai, or the ground 
substance may be more homogeneous and relatively structureless 
Aggregations of notochordal tissue are most definite in this region 
(fig 3) The cells comprising these aggregations are laige and occur 
in clumps of two or three, which are usually well differentiated from 
the giound substance by condensations of fibrous tissue The cyto- 
plasm of these cells is abundant and vacuolated The nucleus tends to 
he excentrically and is surrounded by a clear halo, about which the 
cytoplasm is granular These are the so-called physalifeious cells of 
Virchow Each cell, as well as the cell group, is sometimes sunounded 
by a concentric sheath of fibrous tissue, recalling the appearance seen 
m the embryonic notochord Furthermore, these cells when viewed 
at low magnification are not unlike cartilage cells, for which they are 
frequently mistaken, but their roseate grouping is typical Character- 
istically a fairly large isolated colony of these cells may be found, 
above and below, m juxtaposition to the cartilage plate immediately 
opposite its thinnest central portion This arrangement not only 
emphasizes the notochordal origin of these aggregations but suggests 
that the thinned and somewhat depressed central area of the cartilage 
plate indicates the point of obliteration of the primitive notochordal 
canal 

In the more peripheral portion of the nucleus the delicate wavj 
fibers of connective tissue are more apparent The cellular elements 
are few and scattered, consisting of an isolated physaliferous cell or an 
occasional fibroblast The transition from nucleus to annulus is gradual 
and IS discernible only by the increasing size of the collagenous fibers 
Sections often show centrally large irregular clefts, which may contain 
cellular debris We feel that in normal disks these are foi the most 
part artefacts produced during dehydration From our personal obser- 
vations we are unable, on either macroscopic or microscopic grounds, 
to accept the statement that a rudimentary joint space occurs in the 
normal disk, as contended by Luschka,^ Schmorl " and Smith ® 

The annulus is composed of heavy collagenous bands, w'hich become 
coarser as the margins of the disk are approached The innermost 
fibers pass into the peripheral edges of the cartilage plate Those inter- 
mediate in position gam attachment to the bone as the fibers of 
Sharpey, w'hile the most external bundles blend with the adjacent 
ligaments and fibrous periosteum of the centra As mentioned, the 
cellular elements m the neighborhood of the cartilage plates are for 
the most part cartilage cells oriented in the line of the fibers Elsewhere 
mature fusiform fibroblasts predominate 


3 Smith, N R The Inten ertebral Discs, Bnt J Surg 18 358, 1931 
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PHYSIOLOGIC CONSIDERATIONS 

The intervertebral disk plays a most important part in the functioml 
mechanism of the spinal column Not only does it permit movement 
to occur between the senes of vertebral segments, but it is related to 
the transmission of body weight, to the absorption and dispersal of t!ie 
multitudinous shocks to which the column is constantly exposed and 


to the maintenance of the spinal curves 

The elastic turgor of the disk exerts an expansile force on tk 
opposed vertebral bodies, which is resisted by the various spinal iiga 
raents, thereby establishing a state of internal equilibrium that senes 
both to resist deforming forces and, when defonnity has occurred, to 
restore the column to the “status quo ” This expansile force is due to 
the compiession of the nucleus pulposus within the confines of tte 
annulus and the cartilaginous plates and approximates in the individual 
disks at the lumbar region some 30 pounds (13 5 Kg ) This estimate 
was made by Fetter * on fresh cadavers and on subjects in the supine 
position But in the living subject when erect the superincumbent 
weight of the trunk and upper extremities must raise this pressure in 
the lower lumbar regions to well over 100 pounds (45 5 Kg ) 
transitory phases of spinal movement, as when the back is e\ten ^ 
from the dexed position, even with no resistance but that of gi^‘ h 
estimates would indicate that the pressure may be in excess of ® 
300 pounds (90 5 or 135 Kg ) That the disk is able to withstan^ 
pressure of such magnitude is no doubt related to its high water con 
One knows fiom Pascal’s law that liquids transmit in all directions 
without diminution any pressure that is applied to them s 


all practical purposes be considered as incompressible 


and Puschel ® studied the water content of the disk, and there ap 
to be a close correlation between the elasticity of the nucleus pu 
and its water content Progressive desiccation appears to be 
factor in senile destruction of the disk and the production o 
lesions, for a desiccated disk is an inelastic disk, little ® ® 
stand the compressing foices to which it is constantly subjec 
disks possess a consideiable affinity for water This is 
strated by examining the change which occurs in the disks o 
dried cadaver after they have been soaked in water for a 
Before immersion the cut surface of the nucleus pulposus 

4 Fetter, C K Methods of Measuring the Pressure of the 
Disk, J Bone S. Joint Surg 15 36S, 1932 

o 5 Uebermuth, H Die Bedeutung der AltersveranderungCT der^m jpTj 

Bandscheiben fur die Pathologie der Wirbelsaule, Arch f khn C m 
' 6 Puschel, J Der Wassergehalt normaler und degenerier e 
wirbelscheiben, Beitr z path Anat u z allg Path 84 123, 19 
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elevation above the plane of section Aftei mimeision theie is a lemark- 
able transformation in the nucleus It rapidly regains its turgor and 
expands to bulge a quartei of an inch or more above the surface The 
annulus, however, shows no more change than do the neighboring 
paravertebral soft parts 

Puschel’s ® observation would indicate that the watei content of 
normal disks is fanly constant m the same person It is highest in the 
newborn and decreases with age, first rapidly and then moie slowly 
It IS higher m the nucleus than in the annulus (80 per cent in the 
nucleus and 78 per cent in the annulus at birth) The ratio of the 
water content of the annulus to that of the nucleus remains approxi- 
mately the same until the fifth decade, when lapid loss occurs in the 
nucleus, accompanied by various degenerative changes 

Daily variations of water content are suggested by the observations 
of de Pukj' In measuring 1,200 persons between the ages of 5 and 
90, he found a daily oscillation in their total heights These variations 
amounted to about 1 per cent of the total height, averaging inch 
(1 cm ) m females and Jnch (2 cm ) in males The younger 
persons showed a greater fluctuation than did the older ones Those 
examined were taller in the morning, on arising, but decreased in 
stature during the course of the day These fluctuations are reasonably 
attributed to compression and loss of turgor in the intervertebral disks 

Numeious investigators have demonstrated that the axis of move- 
ment between adjacent vertebrae over a limited range passes through 
the nucleus pulposus The substance of the disk is such that any 
absolute change in its size is exceedingly small Movement occurs 
by change in shape In flexion there is compiession of the disk anteriorly 
and expansion posteriorly, and during extension, anterior elongation 
and posterior compiession Should extension continue to the point 
where the spinous processes contact one another, this point of contact 
becomes the fulcrum and further extension leads to elongation of the 
entire disk with narrowing of its diameter This alternating compres- 
sion and extension of the disk produces displacement of the nucleus 
pulposus, posteriorly in flexion and anteriorly m extension In lateral 
flexion there is slight displacement of the nucleus to the contralateral 
side 

In addition to the movements described, there are, during flexion, 
slight forward displacement of each vertebra on the one below and, 
during extension, slight backward displacement This movement can 
readily be seen in lateral roentgenograms by observing the change in 

7 de Pukj , P The Physiological Oscillation of the Length of the Bod\ , 
Acta orthop Scandinai 6 338, 1935 
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ahncment of the \ertebial bodies and the change in shape of the iiiter- 
veitebial foiaixien In the thoracic and cervical regions there are 

superadded movements of rotation 

These mo\ements, paiticularly those of a shearing nature, not only 
aie expiessed m the morphologic appearance of the disks at various 
le\els, but are of considerable significance m the production of the 
various types of anteiior and posteiior fissuring of the annulus, in 
the pathologic displacements of the nucleus and in the deformities of the 
spine, such as scoliosis, which attend disk degeneration 


DEVELOPMENT AND MALFORM VTION 
The intervertebral disks have origin in part from the remnants of 
the primitive notochord and in part from the mesoderm between 
successive blocks of rapidly chondrifying tissue which establish the true 
vertebral segments The nucleus pulposus is derived at first rom 
notochord but is extended by a mucoid change which occurs in tie 
surrounding tissue of the so-called notochordal sheath, together wit 
multiplication of the original chordal cells In the last two or t re 
months before buth there is a dispersal of the cellular groups ^ 
with the appearance of fibrocartilaginous elements from the peripiera^y 
differentiating annulus It has been contended m contradistinction^^^ 
the foregoing statements that the extension of the nucleus is at ^ 
expense of the annulus, the chorda cells disappearing completely e t) 
birth We cannot support this contention We have not infrequen^^ 
found m adult life notochordal elements enjoying their primitive arrano 
ment within a sheath . 

The annulus differentiates later than the nucleus into 
The progressive development and thickening of bundles extend we 
the postnatal period Further postnatal changes are discussed wi ^ 
pathologic process 

The disk is vascularized during the fetal period This 
been studied in great detail by Boehmig ® and Uebermuth ® The ves 
of the disk are divided from those laying down the ossific 
the vertebral bodies Six groups, three from either side, are es 
as piercing the cartilage plates and entering the disk These vesse , 
ever, undergo progressive postnatal regression and atrophy, ^ ^ 

which leaves behind scars and faults in the cartilage plates (. 

In the opinion of these authors such defects are predisposing^ 
leading to fissuring of the plate and escape of nuclear materia 

, 

V 8 Boehmig, R Die Biutversorgung der Wirbelbandscheiben, 
dcs intervertebralen Chordasegments und die Bedeutung beider u 
srbeibendegeneration, Arch f klin Chir 158 374, 1930 
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notoclioidal canal is also of importance in ofteiing an explanation of 
such herniations That poition of the notochoid passing through the 
center of the veitebial boclj is eaily transfoimed into a relatively cell- 
fiee ligament and, togethei with its canal, is obliteiated dining chondri- 
fication and ossification of the centium It may peisist, lea\e defects 
or w'eaken the caitilage plate, allow'ing the hernias seen m juvenile 
Iqphosis More complete persistence of the canal, though rate, occurs 
Persistence over seveial segments is most common in the thoiacic legion 
and is usually associated wuth malformation of the veitebial bodies and 
some degree of kyphosis The “butterfly” veitebrae of Seieghy® have 
been interpieted on this basis Beadle^® lecorded examples from the 
Schmorl collection of peisistence of the canal, togethei with instances 
of dorsal and lateial displacement of embryonic chordal tissue, vrhich 
might be interpreted m the light of Minot’s w^oik on such displace- 
ments as they occur in animals 

Gross malformation of the disks is associated wnth a wude variety of 
congenital anomalies of the spine, such as spina bifida anterior, hemi- 
vertebrae and the Khppel-Feil syndrome Complete absence of the 
disk has been described m the othenvise noimal spine Schmorl and 
Junghanns pointed out that in examples of wdiat they term Blocl- 
wttbel thej' found vertebrae equal in height to two vertebrae together 
with the disk and that study of such specimens often revealed small 
remnants of the disk which could not be detected in the i oentgenogram 
Suppression of the disk from pathologic processes as in figure 4 must 
be ruled out befoie making a diagnosis of congenital absence 

GENERAL PATHOLOGIC OBSERVATIONS 

Throughout life the intervertebral disks are subject to continuous 
and progressive changes of structure of a charactei so marked as to 
make it difficult to determine what is normal and what is pathologic 
Degenerative phenomena are so frequent in supposedly healthy spinal 
columns at middle age that the changes must be regarded foi the most 
part as the outcome of age processes m an oigan subjected to destruc- 

9 Sereghy, Ikl Eine sonderbare kongenitale Missbildung (Schmetterling- 
foim) der 3 Lumbarwirbels Ein Beitrag zur Frage der Entwicklung der Wirbel- 
korper, Fortschr a d Geb d Rontgenstrahlen 36 353, 1927 

10 Beadle, O A The Intervertebral Discs Observations on Their Normal 
and Morbid Anatomy in Relation to Certain Spinal Deformities, Medical Research 
Council, Special Report Series, no 161, London, His Majesty’s Stationery Office, 
'631 

11 Minot, C S The Segmental Flexures of the Notochord, Anat Rec 1 42, 
1906 

12 Schmorl, G, and Junghanns, J Die gesunde und kranke Wirbelsaule im 
Roentgenbild, Leipzig, Georg Thieme, 1932 
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tive f Dices of considei able magnitude as repiesented by functional 
activity We have alieady pointed out under physiologic considerations 
the impoitant obseivations of Puschel® and Uebennuth® with regard 
to the progressive desiccation of the disk with advancing age The 
commonest moibid changes found would seem to be related to such 
desiccation occurring prematurely or to an excessive clegiee These 



Fig 4 — Sagittal section of the cervicothoracic portion of the spina 
showing senile k3'phosis Note particularly the anterior destruction o tie 
and the corresponding sclerosis of the adjacent vertebra! bony margins 
instance there has been almost complete replacement of the disk bj’' bone 
w ise the disks are relativelj intact 

changes are by no means equally distributed throughout the spme 
do they necessarily follow any definite rule It is our impressi 
however, that at their inception they are met with more frequent) 
the midthoracic and low-er lumbar legions than elsewhere 
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The causal factois in patliologic changes of the disk aie often 
uncertain and whethei tliej^ are in their initiation physiologic degeneia- 
tive, traumatic or inflammator}', they aie for the most pait not veiy 
dissimilar m natuie, Aarying peihaps mostly in the degiee of lepair 
shown by such a lelativel}' a^asculal stuicture Whereas it should 
be firmly kept in mind that the unit comprising the disk consists of an 
annulus, a nucleus and caitilage plates, functionally depending on 
all elements remaining intact, we have found it convenient from a 
descriptive point of view to considei the pathologic appearance of these 
elements seriatim 

The cartilage plates, enclosing the nucleus, would seem to constitute 
the part of the disk most resistant to degenerative phenomena They 
are, however of the greatest impoitance, in that solution in their con- 
tinuity allows escape of nuclear material with consequent loss in elas- 
ticity and degeneiation of the disk as a whole This has been shown 
experimentally to occui m dogs, monkeys and rabbits (Keyes and 
Compere,^® Tammann,^^ Filippi^*^) The changes in the cartilage 
plates ma}'' be primai}'' or secondary to degeneration of the disk or to 
disease within the bony vertebial body 

In discussing the normal histologic appearance of the plate it was 
pointed out that its central portion is often depressed and thinner than 
the remainder We offered our opinion that this defect coriesponded 
to the point of closure of the primitive notochordal canal Either 
through persistence or through incomplete closure of the notochordal 
canal or secondary breakdown of the point of closiiie, nuclear material 
may be extruded into the spongiosa of the veitebral body, establishing 
the so-called Knot pelknotchen of Schmorl Such defects as found in 
young subjects are readily recognized (fig 5) The mtraspongious 
hernias are characteristically arranged one above the other through sev- 
eral segments Histologically the gap in the cartilage plate is appaient 
and IS usually fairly small, with little or no displacement of the margins 
as seen in traumatic rupture of the plate The herniated material is 
obviously nuclear and often, especially m older specimens, shows at 
Its jieriphery transformation into cartilage or pseudocartilage The 
surrounding spongiosa tends to be thickened, walling off the hernia 
from the marrow spaces (fig 6) The subjoined disk is thinned but 

” 13 Keyes, D , and Compere, E The Normal and Pathological Physiology 
of the Nucleus Pulposus of the Intervertebral Discs, J Bone & Joint Surg 
14 897, 1932 

14 Tammann, H Ueber die Wundheilung im Bereich der Zwischenw irbel- 
scheibe. Arch f orthop u Unfall-Chir 34 356, 1934 

15 Fihppi, A La guangione del disco mtervertebrale dopo asportazione del 
nucleus pulposus negli animali da estenmento, Chir d org di movimento [20] 1, 
1935 




tig S — lntr3''pf hernia of nuclear material through small defect in tie 

1 rtildg,> pidte The i iL<.mose-like torm is characteristic of many of these hernias 
There i hit'e pcnphtral reaction 



rent in the eartilagt is eltarh bftn 


400 



SA UNDERS-INM 4N— INTERVERTEBRAL DISK 


401 


relatively intact at first, exhibiting little degeneration Although we 
have not had the oppoitunity to examine many spinal columns of this 
type because of the difficulty of obtaining material from young sub- 
jects not suffering from a lethal condition, we aie convinced from 
roentgen evidence that attendant degeneration of the disk sets m eaily 
and IS often well established by the second decade The significance 
of such herniations in the production of juvenile kyphosis will be dis- 
cussed in a further section of the paper However, changes which 
we take to be preliminary to the rupture of cartilage in youth may be 



Fig 7 — Protrusion of cartilage plate with small areas of fibrillation 


seen m some specimens otherwise exhibiting a typical series of hernias 
These changes occur at the summit of the aforementioned depressions 
m the cartilage plates and consist of a small area in which the cartilage 
cells are absent and replaced by fibrillated material (fig 7) We are 
uncertain as to whether to interpret these areas as scar formation or as 
etidence of the giving way of the cartilage plate at a point of weakness 
Not infrequently we have found a series of radiating fissures m 
the central part of the plate These fissures are filled, on gross inspec- 
tion, with a translucent material (fig I A), which histologically appears 
to be a lelatively structureless cicatrix In the opinion of Bohmig ® 
and Uebermuth ° the fissures were formerly occupied by the vessels 
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which supplied the disk during development, which have undergone 
obliteration, and may be the starting point of the nuclear herniations 
of youth 

Their great frequency in the cartilage plates of older specimens 
suggests, however, that they may, on the other hand, be of degeneratne 
origin 

Traumatic ruptuie of the cartilage plate occurs m conjunction with 
compression fractuie of the vertebral body, but it has been remarked 
how often the disk escapes injury even in the most severe lesions In 
these circumstances the nuclear material is widely dispersed in the 
spongiosa and after healing is partially absorbed and paitly isolated 
by condensation of the surrounding spongiosa The disk itself is 
markedly thinned and undergoes vascularization with fibrosis or even 
partial bony replacement in the later stages An important variety of 
trauma to the cartilage plate is that associated with marginal fracture 
of the vertebial body These chip fiactures are commonly anterior m 
position and are in themselves insignificant but, from roentgen evidence, 
aie followed by collapse and thinning of the disk It would seem that 
the involvement of the disk is due to the extension of the fissure into 
the caitilage plate with attendant loss of nuclear substance and degen- 
eration of the disk (Hanson,^® Janker,^'^ Joisten,^® Junghanns,“ 
Mikhailoff and Tcherepnin 

Ruptuie of the cartilage plate occurs secondary to loss of support 
by the spongiosa of the vertebral body The commonest form is that 
associated wnth senile osteoporosis of the spine The tuigor of the 
nucleus balloons out almost the entire extent of the plates so that the 
disk acquires a highly biconvex form and the vertebral body intervening 
between two such disks becomes amphicelous The most exaggerated 
examples aie found in the lumbar region, where the disks are bulky 
The cartilage plate exhibits fissures and breaks m continuity, and the 
herniation of nuclear material is usually massive, with little surrounding 
reaction The remainder of the disk is relatively healthy 

16 Hanson, R Some Anomalies, Deformities and Diseased Conditions of 
the Vertebrae During Their Different Stages of Development, Elucidated > 
Anatomical and Radiological Findings, Acta chir Scandinav 60 309, 1926 

17 Janker, R Die Epiphysen der Wirbelkorper und ihre Veranderungcn 
“Persistierende Wirbelkorperepiphysen,” Fortschr a d Geb d Rontgenstrah cn 
41 597, 1930 

IS Joisten, C Ueber persistierende Apophvsen an dcr Lendenw irbeh^uki 
Arch f Orthop 28 622, 1930 

19 Junghanns, H Gibt es “persistierende Wirbelkorperepiphvsen ' '' Fort'chr 
a d Geb d Rontgenstrahlen 42 704, 1930 

20 Mikhailoff, M, and Tcherepnin, M I Ueber die Wirbelknorpehns r> 
und deren Rontgenbild, Fortschr a d Geb d Rontgenstrahlen 40 1061, 19- 
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Similar luptuic of the caitiiage plate follows loss of hoin siippoit 
due to imasion ot the \eitcbial body by infection oi tumor (fig 8) 
The cartilage plate docs not escape in the gciieial pioccss of degen- 
eration of the disk found with ad\ancing age In senile osteopoiosis 
as discussed m a foicgoing paiagraph, the lest of the disk is faiily 
normal in character, and, in addition, the lupture is usually single 
The degree ot nnoheinent of the caililage plate m dcgeneiation of the 
disk lanes considcrabU In some specimens the changes clsewdicic 
mae be ad^anced and the caitilagc plates i datively intact In otheis 
the changes in the plate aie extensive It is not uncommon to find, on 
gross examination, multiple laige jagged fissuies (fig 9) Histo- 
logically, numerous patches aie found where the cartilage matiix is 
frajed and replaced b\ a pooi fibious scar, wduch may extend paitiallj 
or entire!} thiough the thickness of the plate Eiosion m multiple 
areas b} the mgiowth ot gianulation tissue fiom the maiiow' spaces 
IS common and when extensne is accompanied by maiked vasciilaii- 
zation and fibrosis of the disk Ihe oiiginal plate may be lepiesented 
by small islands of cartilage only a compact scat or aiea of ossification 
replacing it Under these cii cumstances the herniations of nucleai 
material into the spongiosa aie small, iiiegulai and not so centrally 
localized as in other forms As to the interpretation of these changes, 
it is difficult if not impossible to say wdiethei the damage to the cartilage 
plate is the result of the numerous small tiaumas of daily life acting 
on developmental!) faulty cartilage plates w-ith secondaiy degeneration 
of the disk, as contended by some, or wdietber the cartilage simpty 
participates in the geneial senile decay of the disk 

The nucleus pulposus \aries considerably in stuicture fiom infancy 
to old age In infancy the nucleus is well defined, and its line of demar- 
cation from the annulus is distinctive Histologically it consists of a 
fairly loose netwoik of cells of pnmitne mesenchymal type and physalif- 
erous cells of Virchow^ By the second decade the transition fiom 
nucleus to annulus is much less definite The cells aie fewer, and the 
delicate fibrous processes, as described under normal histologic aspects, 
are more apparent In the middle decades, normally the fibious elements 
are still more definite, and the disk is more homogeneous At this stage 
cavities in the central zone are fiequent, and villous piocesses aie in 
evidence These cavities contain a gelatinous fluid and, on microscopic 
examination, some cell debris Nests of cartilage cells are found 
scattered throughout the nucleus, and m the subchondial region there is 
some transformation into oigamzed fibrocartilage Thereafter the disk 
undergoes progressive dehydration and fibrosis 

It should be borne in mind that theie is a piogiessive change in 
nuclear architectuie from decade to decade Pathologic conditions must 
be interpreted in the light of such progressn e changes 




Fig 10 — Exaggeration of the nucleus and nuclear cavitation as seen in a 
lumbar disk 



Fig 11 — Coronal section of the thoracolumbar portion of the spinal column 
Note the parallel areas of “brown degeneration” in the subchondral zone and 
collapse of the disks 
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Degeneration may occiu as early as the thud decade or before if 
the integrity of the disk has been interfeied with by trauma or con 
genital defects in the restraining caitilage plates Grossly the earliest 
change would seem to be an exaggeration in the size of the nucleus 
and an excessive extent and development of nuclear cavitation (fig 10) 
Such disks appear to be deficient in turgoi and elasticity Further devel 
opment would seem to be in the breakdown of the fibiillary structure 
and the dissolution of the cellular elements, until the whole nucleus is 
reduced to an amorphous mushy mass which consists of cell debris- 
necrosis In this mass quite rarely calcium salts are deposited c 



B}'' this time minor defects and erosions of the confining carti 
plates have appeared, which may ruptuie and lead to the escape 
nuclear material On the other hand, aieas of so-called “brown 
eration ’ appear beneath the caitilage plates (fig 11) and seem to e 
result of hemorrhage from fine vascular tufts which have imade 
disk through the cartilage plates From loss of turgor, the dis 
usual!} by this time undergone almost complete collapse 

Various stages of repair may ensue, consisting initiall} of an 
of fibrous and caitilaginous elements, tending to replace the nuc 
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material This may proceed to a point where the disk by further 
rasculanzation is partiallj'- oi completely replaced by bone (Rg 4) 
Extruded nuclear mateiial shows a marked tendency to become 
transformed at its periphery into cartilage or pseudocartilage, and the 



Fig 13 — A, disk showing anterior crescentic fissures in the annulus B, dorsal 
ladial fissure with slight escape of nuclear material 

process ma)! go on to ossification More central portions tend to show 
an increase m the number of cartilage cells or to become transformed 
into fibrous tissue when there is evidence of vascularization 

The annulus fibrosus likewise shows progressive changes during its 
life history With increasing age the fibrous lamellae become more 
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and moie definite and laigei With the onset of degeneration the 
innei la 3 eis meige into the expanding nucleus until little more than a 
ling ot the oiiginal tissue persists (fig 10) During this process the 
lamellae become moie swollen, some areas show necrosis, and vasculari 
zation commences (fig 12) The fibrous bundles may separate, pro 
ducing concenti ic fissui es, some of which may extend through the entire 
thickness m a ladial diiection The concentric fissiiies are most fre- 
quent antenoih (fig 13.4) and occiii most characteristicalh in 
k}phosis of old age 



Fig 14 — “Brown degeneration’’ extending in crescentic fashion between 
bundles of the annulus 


The radial fissui es aie most often found doisallv (fig 135), 
through them nuclear material may herniate into the veitebral caiia^ 
Neciosis is far less common m the annulus than m the nucleus an 
more often found anteiiorly In conjunction with neciosis, sina 
of calcification aie found, and these may lead to formation of 
bony deposits if these areas are adequately vascularized As 
nucleus, areas of so-called “brown degeneration” may be foun 
these areas tend to he crescentrically between the bundles of the 
(fig 14) In our opinion they are the result of hemorrhage 
delicate vascular channels With the collapse of the disk, the 
as a whole tends to be displaced peripherally and bulges m all direc 
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The annulus may show eMdence of attemi^ts at lepau Initially, 
notably in the lumbar legion, it ma) take on an exaggeiated fibio- 
cartilaginous appeal ance With the iiici easing vasculai ization, the 
fibrous cellulai elements aie gieatly inci eased | The change at the 
peiipheral zone of junction with the veitebial body is a special featuie 
Here, hyperplasia of the fibi ocai tilage tends to inciease the thickness 



Fig 15 — Coronal section of the thoracolumbar portion of the spinal column, 
showing marked dissolution and collapse of the inter\ ertebral disks lateral dis- 
placement of the vertebrae and osteophyte 'crmation 

of the annulus and its \ asculai ization is attended b) the formation of 
osteophytes We feel that the formation of osteophytes does not occur 
in the original annulus mateiial but m the superadded tissue tthich 
is developed as a repau mechanism m response to the met easing strain 
thrown on the peripheial junction by the progressive collapse of the 
disk and the dev'dopment of shearing foices set up in the lateral dis- 
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placements of the vertebial segments as in the scoliosis of arthritis 
deformans (fig 15) 

Postenoi Displacements — Doisal piotrusions, displacements or 
herniations of disk tissue merit separate consideiation because of their 
special significance in causing pressure on the contents of the neural 
canal 



Fig 16 — Sagittal section of the cervical portion of the spine, showing aiO 
large protrusion and herniation of the fourth, fifth and srs^th cenical disks 
IS some indentation of the spinal medulla 


Extradural tumors, variously termed chondromas, fibromas, 
chondromas, chondrochordomas, exostoses and ecchondroses, h^-^^ 
been described as occurring most frequently in the lumbar and certica 
regions These so-called tumors are now clearly lecognized as bein 
due to displacement of disk tissue dorsally 


toil 
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From the pathologic point of view, posteiioi displacements of the 
disk tissue are foimed vith the gieatest fiequency in the spinal columns 
of elderl} peisons Andiae-’^ lepoited finding cartilaginous nodules 
on the doisal aspects of 15 pei cent of 368 columns examined They 
are found most frequently m the lowei thoiacic and lumbar legions 
and are neaily always attended by definite evidence of disk degeneration 
The thoracic protiusions tend to be small and insignificant, often 
buried beneath the posteiioi longitudinal ligament In the lunibai and 
cervical regions thej are laiger and fiequently extend to one or other 
side of the midhne (fig 16) 



Fig 17 — Characteristic nuclear material removed operatively from a dorsal 
herniation 


Histologically the mateiial obtained post mortem or at operation 
presents an extremely laiiable picture In some specimens the struc- 
ture is characteristically that of the nucleus pulposus, although as a 
rule the cellular elements aie increased and there is true inflammatory 
reaction (fig 17) In otheis, and perhaps the great majority, there is 
a mixture of pulposal and annular mateiial showing a varying degree 
of cartilaginous metaplasia, mflammatoi} reaction or necrosis We 
have observed m a specimen a portion of the confining cartilage plate 

'21 Andrae, R Ueber Knorpelknotchen am Iiinteren Fnde der Wirbelband- 
scheiben im Bereich des Spinalkanal, Bcitr z path Anat u z allg Path 82 464, 
1929 
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m the protruded tissue Those of long standing, and therefore obtained 
on postmortem examination, show a great abundance of cartilaginous 
transformation with areas of calcification and after-vascularization, even 
of bone 

Some discussion has aiisen as to whether these nodules are hernia- 
tions of nuclei pulposi or protrusions of interv ei tebral disks In our 
opinion both \aiieties ina)' be found In some cases we have seen 
Assuring of the annulus sui rounded by “brown degeneration” luth 
herniation of nuclear material In others we have found collapse of the 
disk and protrusion of the annulus with or without herniation of the 
nucleus These findings are nearly always attended by profound disk 
degeneration In regard to younger subjects with otherwise healthy 
disks the question arises as to whether tiauma is not the mam causal 
agent We doubt that m such subjects trauma would rupture the 
annulus , it would be more likely^ to fissure the cartilage plate at the 
junction with the annulus, and the finding of a portion of the plate m 
the extruded material is suggestive of this mechanism 

We should like to emphasize that posterior herniations are in the 
great majority of instances evidence of general disk degeneration 


PATHOLOGIC OBSERVATIONS IN SPECIAL CONDITIONS 

Infections and Tumois — ^The disks seldom appear to be involved 
either primarily oi secondarily m disease processes, whether these are 
infectious or malignant The caitilage plates, like the epiphysial plates 
of long bones, are apparently extraordinarily resistant to invasion 
the more acute destructive processes, e g , staphylococcic osteomye 1 1 . 
the disk may undergo necrosis and be completely destroyed In the ess 
destructive, there may be eiosion of the cartilage plate with ingrow 
of granulation tissue and scarring of the disk It is said that in ot er 
forms of spondylitis, as m typhoid spine, the disks escape ^ 

Tuberculosis is notable m that the disk is nearly always 
secondarily We have noted multiple erosions of the cartilage p ate ^ 
granulation tissue in the early stages and minute ruptures with 
of nuclear material into the spongiosa Eventually the disk is pai" 
destroyed and is replaced by bone in healing or is displaced during 
stage of collapse 

The disks may be involved in syphilitic spondylitis and m t e 
stages of syphilitic osteoarthropathy as well as in syrmgom} e la^^ 
The disks are even more resistant to invasion by tumors 
presence of tumors with associated osteolysis the disks tend to u 
the spongiosa but not nearly to the same extent as in senile 
Loss of support to the cartilage plates frequently leads to their ru 
with massive herniation of nuclear material into the spongiosa ( 
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Primary tumors of the disk oi of its derivatives, the chondromas, 
are rare and scarce]}^ wai i ant discussion here 

Adolescent Kyphosis — Clinicall), adolescent kyphosis is a well 
defined condition, displa 3 nng' typically the following characteristics It 
is reported to occur in males more frequently than in females, although 
in our opinion this difference m incidence is moie apparent than real 
The deformity is essentially a rigid rounded kyphos, centered usually 
between the seventh and tenth thoracic vertebrae, and in less than half 
the cases there are associated unimportant lateral curves The k 3 ^phos is 
rarely discernible before the age of 10, the onset is most frequent 
between the ages of IS and 17 3 'ears The patients are nearty always 
rapidty growing health 3 ' persons with excellent musculature Pam is 
an inconstant complaint and is usualty m the natuie of an ache on 
exertion 

The roentgen appearance of the involved vertebrae is distinctive 
The changes are first seen in the subchondral bone adjacent to the inter- 
vertebral disk and are better observed m lateral than in antero- 
posterior projections 

The first deviation from the normal appearance is an irregularity of 
the subchondral bone at the superior and inferior surfaces of the verte- 
bral bodies These surfaces, instead ot appearing as a thin smooth 
continuous distinct line in the roentgenograms, become irregular and 
broken The mtervertebi al disk is always narrowed In the vast 
majority of cases sizable herniations of the nuclear material into the 
spongiosa are indicated 1)3^ sclerosis of the adjacent bones These 
herniations varj' in size, number and position In older lesions the 
abnormal transmission of weight from vertebra to vertebra in the region 
of the k 3 'phos leads to ivedging of the vertebral bodies, sclerosis of the 
anterior portions of the superior and inferior surfaces of the vertebrae 
and osteoph 3 de formation We have noted that in the cases of adolescent 
kjphosis which show early the most marked changes in the subchondral 
bone there is often associated a definite platyspondvlia of the involved 
vertebra 

The cause of this condition is still obscure Several h 3 'potheses 
have been advanced bj' various authors Schanz -- and his pupil 
Eisner expressed the opinion that the condition ivas related to the 
effects of heavy w ork on a grow mg spine Eichelbaum suggested 

22 Schanz, A Eine tjpische Erkrankung der Wirbelsaule (Insufficienta Ver- 
tebrae), Berl khn Wchnschr 44 986, 1907 

23 Eisner, J Ueber Lehrlingsskoliose, Ztschr f orthop Chir 32 277, 1913 

24 Eichelbaum, K Erganzende Bemerkung zur ■Arbeit Schildbach “Die 
Entwicklung der juienilen K\phcse’ Zentralbl f Cbir 64 2894, 1937 
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musculai insufficiency as the pumaiy cause Scheuermann =■' regarded 
the disease as an epiph}sitis and termed it osteochondritis deformans 
juvenilis doi si Schmorl -« advanced the strongest evidence to show that 
the k3phosis is the diiect result of alteiations m the intei vertebra! disks, 
a view which has received consideiable support (Calve,-' Beadle “) 
He demonstiated by postmortem evidence that prolapse of the nucleus 
pulposus into the spongiosa of the vertebral bodies may occur, even in 
children, as the result of congenital weakness or defect of the cartilage 
plates The histologic appeal ance of these protrusions has already been 
discussed undei geneial pathologic observations Disturbances of the 
cushioning effect of the nucleus in overloading and trauma lead to sec 
ondary changes in the epiphyses and bodies of the vertebrae Roeiit 
genologicall} the presence of such heinias cannot always be discoiered, 
which IS explained as being due to the absence of leactive changes m 
the bone foi it is not the prolapse but the sclerosis of bone about the 
prolapse which renders Schmorl’s Knoi pchwtclicn visible It is true 
that in many cases these notches become evident only in the latei stages 
of the disease Schmoil’s theory has not been without criticism even 
by its supporters 

Schmorl,-® m criticizing Scheuermann's conception that the condition 
IS epiphysitis, put f 01 ward the extiaoidinary view^ that the epiphysis of 
the vertebra is m no way analogous to the growth epiphysis seen else- 
where and that it has nothing to do with growth processes He would 
regal d the epiphysis as in the nature of a mechanism giving eventual 
bonjf fixation to the annulus We find this view totally unnecessary to 
Schmorl s thesis, and it is certainly not borne out by the experimental 


25 Scheuermann, H Kyphosis dorsalis juvenilis, Ztschr f orthop Chir 41 
305, 1921, Cyphose juvenile. Arch med beiges 81 353, 1928, Zur Roentgen 
symptomatologie der juienilen Osteochondritis dorsn, Fortschr a d Geb d R®®* 
genstrahlen 44 233, 1931 , Roentgenologic Studies of the Origin and Development 
of Juvenile Kyphosis, Together with Some Investigations Concerning the Vertebral 

piphyses m Man and in Animals, Acta orthop Scandinav 5 161, 1934 

26 Schmorl, G Die Pathogenese der juvenilen Kyphose, Fortschr a d Geb 
ontgenstrahlen 41 359, 1930, Bemerkungen zu der Arbeit von Man rur 

Prage der Pathogenese beziehungsweise der pathologischen Anatomie der Ado 
leszentenkyphose, Ztschr f orthop Chir 55 274, 1931 , Ueber die pathologis®® 
Anatomie der Wirbelbandscheiben, Beitr z klm Chir 151 360, 1931 

9 <; ^ Osteo-chondnte vertebrale infantile, Bull Soc pediat de Par^ 

469, 1927 Osteo-chondnte vertebrale infantile, in The Robert Jones BirtMa) 
p Collection of Surgical Essays, London, Oxford Unnersity Press, 19-*. 

Schmorl, G Zur Kenntnis der Wirbelkorperepiphr se und der an ihr 
mrl, ^ Chir 153 35, 1928, Zur Setoons 

techmk der Wirbelsaule, Zentralbl f allg Path u path Anat 47 7, 1930 Schmorl 
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work of Haas oi by clinical obseivation, as is seen in fusion of the 
spine in childien Growth from this epiphysis is veiy slow and is 
extended OA'er many }"ears, \\ Inch accounts for its histologic appearances, 
which lack the usual columnar formation 

Semle Kyphosis — Senile k3'phosis has been recognized foi many 
3 ears and grouped in a somewhat confused mannei with the defoiming 
conditions of old age Schmorl,®® recognizing the primary changes as 
a special t3'pe of destruction of the disk, segregated senile kyphosis as 
a distinct entity The characteustic feature of this condition is the 
spinal curvature, which appears usua!l3' late in life and develops lapidly 
as an exaggeration of the ph3'Siologic thoracic curve The curvature is 
most marked in the upper thoracic part of the spine and may progress 
to a high degree 

Roentgenologic and pathologic studies of senile kyphosis reveal the 
following progression of events With commencing kyphosis there is 
narrowing of the intervertebral disk anteriorly together with increasing 
sclerosis of the anterior borders of the vertebral bodies There may be 
some degree of osteoph3'te formation, but usuall3' it is not marked The 
anterior compression of the disk continues until the vertebral bodies 
contact each other at their anterior borders The intervening disk tissue 
IS destroyed and replaced by bone, and thus the involved vertebral bodies 
are fused anteriorly with a continuous bridge of bone The posterior 
portions of the intervertebral disks usually show a fair degree of 
preservation (fig 4) 

Postmortem studies on senile k3'^phosis indicate that the essential 
pathologic process is pressure necrosis of the anterior portion of the 
intervertebral disk The abnormal pressure on the anterior portion of 
the disk, leading to its necrosis, results from general loss of muscular 
tone in the aged and the failure of the senile inelastic disk to disperse 
adequately the compression forces applied to it The vertebral bodies 
do not become v^edge shaped to any great degree m senile kyphosis 
inasmuch as the anterior nai rowing of the disk is sufficient to account 
for the deformit3^ 

Spondylosis De foi mans — The conception that spond3dosis defor- 
mans is the outcome of degeneration of the intervertebral disks is 
now generally accepted by most investigators in this field The funda- 
mental lesion IS the change in the intervertebral disk leading to its 
progressive deterioration and functional failure The pathologic 

29 Haas, S L Growth in Length of the Vertebrae, Arch Surg 38 245 
(Feb) 1939 

30 Schmorl G Zur pathologischen Anatomic der Wirbelsaule, Klin Wchn- 
schr 8 1243, 1929 , Ucber die pathologische Anatomic der Wirbelbandscheiben, 
Feitr z khn Chir 151 360, 1931 , Beitrage zur pathologischen Anatomic der 
^^'l^beIbandscheIben und ihre Beziehungen zu den Wirbelkorpem, '\rch f orthop 
II Unfall-Chir 29 3S9 1931 Schmorl and Junghanns ^ 
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processes seen in the spinal column as dependent on degeneration of 
the disks may not necessarily be i elated to the age of the patient 
Spond34osis deformans may appeal as early as the third decade of life 
It affects e^er^ one if sufficient time elapses The frequency naturall} 
inci eases with age and approaches 100 per cent at the age of 90 }eari 
(Schmoil and Junghanns The disks, through age or individual 
predisposition, lose elasticity and, under the influence of continuous 
functional tiauma, pass through the various stages of degeneration 
fibrillary degeneration, brown degeneration, caitilage plate rupture, 
nuclear piolapse, necrosis, fissuiing, hemorrhage, vascularization and 
reactive changes 

In spondylosis deformans disk degeneration is usuall) generalized 
throughout the spinal column (fig 15) Theie is dissolution with loss 
of substance in the nucleus pulposus, followed b} relaxation and pro 
trusion of the annulus about the periphery This leads to lateral shifting 
of the veitebial bodies The loss of turgor of the nucleus permits 
increased mobility between the segments uith strain on the liga- 
mentous structures and formation of osteoph} tes Osteophytes tend to 
occur adjacent to the spinal ligaments and appear earliest in those areas 
of the spinal column that are subjected to the greatest movements 
Nonappearance of osteophytes posteriorly may be accounted for by the 
fact that movement between the vei tebi al bodies is less posteriorly than 
anteriorly 

Ankylosvng Spondylitis — Ankylosing spondylitis is considered by 
the moie recent obseivers as iheumatoid arthritis involving primarily the 
small articulations of the spinal column There follows smooth ossifi- 
cation of the anteiior longitudinal ligament and of the outer layers o 
the annulus without formation of osteophytes The disks disappe^^ 
to a greater oi lesser extent and are replaced by bone 

Im'^estigations in our clinic (Rinehart and associates indicate a 
relationship of vitamin C to all forms of rheumatoid arthritis and pai' 
ticularly to ankylosing spondylitis 

Mr Leonard Taix and Mr Robert Ray made the photographs 

31 Rinehart, J F , Greenberg, L D , Baker, F , Mettier, S R , Bruckman, F, 
and Choy, F Metabolism of V,taniin C in Rheumatoid Arthritis Arch Int 
6i 537 (April) 1938 



COAIPRESSION OF SPINAL CORD AND NERVE 
ROOTS BY HERNIATION OF THE NUCLEUS 
PULPOSUS IN THE CERVICAL REGION 

BYRON STOOKEY, MD 

^E^\' \ORK 

In 1927 there \\as bi ought togethci foi tlie fiist time, as lepresent- 
ing a clinical entity, a group of unusual “tuinois” aiising fiom the ceivi- 
cal inter\ ertebral disks (Stookej ) Scattered lepoits of such lesions had 
appeared previously, notabl\ 'Xdson’s leport of a case and a mention 
of one b}^ Elsberg in his “'Illinois of the Spinal Cord ” Ihe condition, 
howeier was not generally recognized as distinct fiom other veitebial 
tumors and no refeience to it is to be found in such standard texts 
as those of Elsberg, Bums, Schlesingei, Lubaisch and Osteitag and 
Antoni 

On the basis of the histologic pictuie and because at the time no 
other explanation of the tumor-like masses seemed plausible, they weie 
regarded as chondromatous new growths and weie designated ventral 
extradural ceivical chondromas The extensive studies of Schmorl 
(1929) and Andiae (1929) on the spinal column and then elucidation 
of the nature and structuie of the nucleus pulposus have since led to a 
revision of this view and it now seems evident that the lesions are not 
neoplastic but represent rather heiniation oi protrusion of the nucleus 
pulposus through the annulus fibiosus, sometimes with secondary 
changes, such as calcification True chondromas may indeed be found 
but are certainly far less common than herniated disks 

Following the publication of my original paper, numerous reports 
of protrusion of intei vertebral disks appeared, including those of Dandy, 
Bucy, Alajouanme and Petit-Dutaillis, von Pechy, Elsberg, Antoni, 
Mixter and Barr, May, Alpers, Grant and Yaskin and otheis Mixtei 
and Ayer reported a senes of 34 cases of vertebral herniation, in 8 of 
which the protrusion was in the cervical region Hawk m 1936 col- 
lected from the literature 16 cases of protrusion of cervical disks and 
reported 1 new example 

The vential extradural cervical herniated disk is a discrete, shaiply 
circumscribed mass, seldom exceeding 1 5 cm by 1 cm , consisting of 
thin layers of fiayed cartilaginous tissue, which are readily separated 
It lies in front of the dural sac, in or to one side of the midline Unlike 
the large paravertebral new growth, which invades the spine secondarily. 
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the herniated mass anses within the vertebral canal It is found for the 
most pait in relation to the freely movable vertebrae of the niid 
cervical region, an aiea especially liable to repeated minor strain and 
stress but seldom the site of sudden severe trauma, such as occurs in 
the lumbar legion as a result of heavy lifting or of a fall on the buttocks 
A history of sudden onset associated with injury is thus rarely 
obtained in herniations of the cervical region It seems likely that the 
cervical protrusion is piimarily a degenerative lesion associated with 
repeated traumas of minor degi ee As a result of such traumas or in 
the course of the degenerative piocess, a slight fissure occurs in the 
posterioi portion of the annulus, through which the nuclear mass pro- 
trudes Judging from the clinical histones, the protrusions in the 
ceivical legiun occui giadually and are seldom sudden or violent In 



dura (From Stookey, 1928 ) 

the latter case, since protrusions in this i egion impinge, as a rule, on the 
spinal cord and not on the nerve loots, as in the lumbar region, signs 
referable to the cord would at once be evident, for sudden trauma to t 
spinal cord is far more likely to give rise to obvious clinical signs t an 
similar trauma to nerve roots The onset of symptoms of a cervica 
protrusion, however, is usually gradual and slowly progressive 

INCIDENCE 

Both Schmorl and Andrae noted that while protrusion in tlie lumbar 
region is of frequent occurrence, protrusion in the cervical region 
rare This is borne out by a study of the literature Since the 
nition of cenucal protrusion as a definite clinical entity, m 1928 , rea^ 
tn ely few examples have been recorded, whereas the study of ^ ^ 
herniation m the lumbar region by Mixter and Barr was followed b} 
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laige nunibei of lepoits, notabl} those of Adson and Ciaig and Love, 
tioin the extensi\e matcnal of tlic ]\Ia3^o Chine, Spurhng, and Semines 

The inajoiit}' of ccnical disk herniations occin in men of late middle 
age The }oungest of 1113- patients was 44 and the oldest 68 years old, 
the aAerage age vas 53 3eais In Elsbeig’s later senes, which included 
mam tumors of the lumbai and thoracic region as well, the ages langed 
trom 38 to 68 3eais, with an aACiage of SO 

SIONS \ND S\MPT0MS 

The S3mptoms of heiniation of a \eitebial disk aie due to pressure 
of the cartilaginous mass on the coid and nerve roots They vary with 
the size and position of the piotruded portion 

S'^udiomc of Bilotcial Vcniial Picss^oc — When the mass is so 
situated as to exert bilateral picssuie, displacing the cord as a whole, 
the picture is that of any ventral neoplasm of the spinal cord The 
presenting S3mptoms of such herniations show no constanc3’’, in spite 
of the appaientl3" close resemblance of the protiuded masses m size, 
shape and position So compact is the anangement of the fibei tracts 
carr3ung the various impulses in the spinal coid that the slightest varia- 
tions in the position of a discrete mass are reflected in the clinical picture 
Among the initial s3'mptoms which have been obseived in this group are 
pain and a sensation of intense cold, with numbness, spasticity and 
weakness, in both lower extremities and giadual weakness and hypo- 
tonia in the muscles of the upper extremit3^ together with atrophy and 
fibrillation, though the latter may be absent 

The sensoiy disturbances are bilateral, involving pain and tempeia- 
ture sensation, with blunting of tactile discrimination as well as of crude 
tactile sensation Vibratoiy sensation may also be impaired, although 
muscle, joint and tendon sense may or may not be afifected This dis- 
sociation of vibrator3' ^^d muscle, joint and tendon sense has fiequently 
been observed in the presence of tumors of the spinal coid and after 
their removal, when restoration of vibratory sensation is delayed some 
time after the return of all other forms of sensation It has been sug- 
gested, in an attempt to explain this dissociation, that these impulses 
may be carried not only in the posterior column but in a sepaiate path- 
wa3f outside the latter A more likely explanation would seem to be 
that there exists a difference m resistance to the transmission of the 
impulses along the fibers of the dorsal column, conduction of vibratory 
sensation being more easily impaired than that of muscle, joint and 
tendon sense Varying degrees of pressure exerted on a nerve m a 
muscle-nerve preparation have been shown experimentally to interfere 
selectively with the conduction of impulses A similar mechanism prob- 
ably holds for fibers within the spinal cord 
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Fig 2 — Schematic drawing to show ■variations m the position of the protrusion 
4 produces the svndrome of bilateral ventral pressure, B, the svndrome of uni 
lateral pressure, C, the svndrome of root pressure (From Stookev, 1928) 



Fig 3 Bilateral exposure of the cervical cord showing slight dorsal 
of tlie cord caused bj extradural v entral herniation of the nucleus pulposus ( 
Stookev, 1928) 
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The signs in this gionp aie essentially those of any ^entlal mass 
of sufficient size to cxeit bilateial picssuie on the spinal coid with a 
maximum of pressuie on the ventiolatcral columns They piesent no 
essential problem in diagnosis Thej should leadily suggest a vcntio- 
lateral tumoi of the spinal coid and lead to appiopriate measuies 

If, ho^\e^el, the protiusion is nairow and situated m the midline, 
pressure may be exerted only on the \cntial giay column and on both 
emerging ventral roots, v ithout impingement on the more laterally placed 
spinothalamic tracts oi the moie dorsal pyiamidal tracts In this event 



Fig 4 — Small protrusion exerting bilateral pressure on both anterior horns and 
both ventral roots but not compressing the pjramidal or spinothalamic tracts 


the signs are referable to the ventral gray columns alone — atrophy, 
hypotonia and fibrillary twitchings limited to the muscles supplied by 
a single segment Recently I operated on a patient with these findings, 
due to this type of protruded disk No sensory changes were observed, 
and no signs of disturbance of the long fiber tracts were elicited A 
definite ventral protrusion compressing both ventral gray columns and 
both ventral roots at their emergence was encountered 

Syndiome of Umlateial Vential Piessuie — In this group of cases 
the herniated portion is small and is so placed that it exerts unilateral 
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pressuie on the \entral columns of the coid, producing signs of involve- 
ment of the unilateial pyiamidal tiact in the lower extremity on the 
side ot the piotrusion, with local weakness and atrophy on the same 
side in the muscles of the ceivical segments at the level of the com- 
piession Changes in pam and temperature sense occur on the opposite 
side of the bod) at a level several segments lower than the focal motor 
signs 

Thus the s}ndiome consists of focal atrophy of the lower motor 
neuron type at the level of the lesion, spasticity and pyramidal tract 
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Fig 5 — Roentgenogram of the cervical portion of the spinal column of the pi 
whose lesion is shown in figme 4 Note the narrow intervertebral disk 
the bodies of the sixth and se\enth cervical vertebrae (D) and spurs (5") proi*^*- ‘ 
into the intervertebral foramen 

signs of the uppei motor neuron type beloiv the level of the lesion o 
the same side, and dissociated sensory changes on the opposite side ^ 
The presenting symptom in these cases may be pam or stiffness 
the neck, associated with pam or weakness m the i egion of the shou e 
girdle, arm, forearm or hand, depending on the segment involved 
The motoi signs, produced by pressure on the ventral gray matt^ > 
consist, as suggested, m rather sharply localized atrophy and 
involving the muscles on the same side and indicating quite clear } 
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le\e! of cord conipiession Thus, ^\lth pressuic at the Ic\el of the fifth 
and sixtli cer\ical segments, the deltoid, biceps, supiaspinatus and 
supinator longus muscles are aftected, wheieas, piessuie at the level of 
the eighth cervical segment uill piodiice fibrillation and atiopby of the 
intrinsic muscles of the hand 

The scusoiy dtsiinhanccs — loss of pam and tcmperatuie sense on the 
opposite side — are due to pressure on the spinothalamic tract While 



Fig 6 — Hands of the patient whose lesion is shown in figure 4 Note the 
atrophy of the intrinsic muscles of the hand and main en griffe due to compression 
of the ^ent^al horn and ventral roots by herniation of the nucleus pulposus 


the sensory changes are definite, they are likely to be misleading as an 
indication of the site of compression, since the sensory level is several 
segments lower than the motor level This is to be explained by the 
fact that the incoming pam and temperature fibers cross obliquely m the 
spinal cord and do not reach the contralateral spinothalamic tract for 
a distance of several segments A slight blunting of crude tactile sensa- 
tion may occur, probably due also to pressure on the spinothalamic 
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tiact Tactile localization, muscle-joint sense and Mbiatory sensation, 
all earned in the posteiioi columns of the cord, are unaftected Because 
of the atioph)f and dissociated sensoiy changes, this syndrome is fre- 
quently attributed to intrinsic disease of the cord Its true nature is 
seldom lecognized unless the possibility of a vential protrusion is con 
sideied in the difteiential diagnosis 

Syndiome of Neive Root Piessuie — In a third group of cases the 
hei mated nucleus is situated somewhat more lateially than in the other 
groups, compi ession being exeited not on the ventral column of the cord 
but on a neive root neai its emeigence fiom the dura, with production 
of symptoms and signs referable to the root affected Focal muscle 



Fig 7 — Sensory findings due to herniation ot the nucleus pulposus between 
the fifth and sixth cer\ ical vertebrae The anatomic and sensory levels are not in 
agreement The loss o£ pain and temperature sense is lower than the motor signs, 
which are at the level of the compression , this is due to the fact that the pam 
temperature fibers cross obliquely in the spinal cord The schematic insert was ma ^ 
along with the preoperative diagnosis of extradural pressure at the fifth segmen 

atroph}^ and hypotonia limited to the distribution of the lOots involved 
are found The sensoiy signs are purely subjective, such as burim?’ 
gnawing and tingling sensations, which ma}^ be inci eased by moveme^^ 
of the extremity Root pain and focal motor signs are the 
nostic features Lesions of this group aie rare, and the clinical fin 
more closely resemble those associated with lumbar herniations, 
picture being one of compression of a root alone and not compressi 
of the spinal cord 
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Comment — Cervical heiniations of the nucleus pulposus may thus 
present three difterent syndiomes The fiist of these, the syndrome 
of bilateral pressure, may be subduided into two entities, depending 
on the size and precise position of the projection (a) If the mass is 
small and m the midline, bilateial pressuie is exerted on the ventral 
horns of both sides and on both vential loots, giving rise to bilateral 
signs referable only to the \ential giay columns, without othei evidence 
of compression, (fc) if the mass is laigei, the signs are indistinguishable 
from those of a ventral tumoi of the spinal coid The second syndiome, 
that of unilateral vential piessuie, due to compression of the ventral 



8 — Unilateral extradural herniation of the nucleus pulposus compressing 
the seventh cervical root (From Stookey, 1928 ) 

horn and \ entrolateral columns of one side, consists of focal atrophy 
and crossed dissociated sensory changes, while the third, that of unilateral 
root pressure, is characterized by unilateral focal atrophy and focal pain 
without signs of involvement of the long fiber tracts In the presence 
of any one of these syndromes it seems wiser, instead of accepting a 
diagnosis of intrinsic disease of the cord and the hopelessness which 
this implies, to do an exploratory laminectomy 

Vertebral tenderness is usually without diagnostic or localizing sig- 
nificance in cases of cervical disk protrusion 

Accentuation of symptoms following lumbar puncture, first men- 
tioned as evidence of a spinal tumor by Elsberg and Stookey (1922), 
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IS of only limited application m these cases The significance of this 
test lies in the fact that ^^lthdI■awa^ of the spinal fluid buffer between 
the mass and the cord accentuates the piessuie on the latter, thus caus 
ing an inciease in the signs alieady piesent and sometimes leading to 
the appearance of new ones When, however, the mass is fixed to the 
long nail of the \ertebral canal, as m these cases, displacement of the 
mass on iemo\al of the fluid does not occur 

MANOMETRIC EXAMINATION 

E\idence of spinal fluid block is seldom found in cases of heniiation 
of the nucleus pulposus, since the protruded mass is rarel) of suffi 
cient size to obstiuct the subaiachnoid space completely If a complete 
block occurs, the signs are usualh so definite and the level so obvious 
that a diagnosis of neoplasm is far moie likel}’’ to be made than one 
of herniation With the smallei masses alterations in the dynamics of 
the spinal fluid are to be detected only' by' the most painstaking mano 
metric studies The jugulai compiession must be accurately' timed with 
a stopnatch and the slightest alterations noted, such as a delayed rise 
01 fall Such alteiations, carefully' detei mined, are suggestive Slight 
elevation in the total protein of the spinal fluid may be found but is 
not common 

INJECTIONS OF IODIZED OIL AND AIR 

Because of the laige amount of iodized oil found necessary to dem 
onstiate herniation m the lumbar legion, I have not felt it wise to us^ 
iodized oil in the ceivical legion, since the manipulations necessary to 
demonstiate alterations in the column may' allow the fluid to enter the 
basal cisterns and even spiead over the cerebral cortex, where it inn' 
lemain, entrapped within the cianial cavity Naffziger, Fleming 
[ones found iodized poppyseed oil over the ceiebral cortex m follow -np 
examinations of patients after the oil had been injected for the diagnosis 
of lumbal herniations Such an occuiience would seem fai more hkel) 
to follow the manipulations necessaiy' to establish the diagnosis of a 
protrusion in the cervical region Injection of an into the lumbar sac 
has been advocated by Stookey, Dyke and Scarff (1937) for the diag- 
nosis of lumbar herniations, but this method has not been employed fo’^ 
cervical herniations since, as explained originally, it would require a 
complete, literally airtight block of the subarachnoid space to be o? 
diagnostic value With a compressive lesion of the cen ical cord of t 
magnitude, the clinical evidence is so obvious that the test has no 
seemed necessaiy In most cases the herniation is so small and discrete 
that It does not cause sufficient obstruction of the subarachnoid spae 
to produce a manometric block, much less a block to passage of air 

If air is used in the diagnosis of cervical herniation, a sufficien 
amount must be injected to fill the cerebral ventricles and the 
subarachnoid space Thus, a combined encephalogram and mielogno 
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must be done My associates and I have not had sufficient evpeuence 
with this procedure in the rather rare cases of cervical herniation to 
estimate its value, though, if this condition is suspected and the signs 
are vague, the method is ell worth trying, as we have done on occasion 

ROENTGEN EXAMINATION 

111 the original article on cervical lesions of this type it was stated 
that loentgen examination of the cer\ical column had given negative 



Fig 9 — Oblique roentgenogram of the cervical portion of the spine column 
showing calcified spurs (S') projecting into the intervertebral foramen, producing 
narrowing of the intervertebral foramen and compression of the emerging nerve 
root 

results m my cases At that time the significance of a nan owed inter- 
vertebral space was not appreciated, and though a careful seaich was 
made for projections into the intervertebral foramens, oblique stereo- 
scopic plates designed to show the intervertebral foramens were not 
made Narrowing of the disk space between the fifth and sixth cervical 
vertebrae and between the seventh cervical and first thoracic vertebrae 
IS often encountered, even when no signs of herniation of the disk are 
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piesent This sign is of value, theiefore, onty when accompanied b) 
definite neurologic signs suggestive of one of the syndromes of com 
pression Oblique stereoscopic plates have proved useful in ruling 
out the piesence of spuis projecting within the intervertebral foramens 
and causing compression of the root at the foramen clinicallv indis- 
tinguishable from that within the vertebral canal due to laterally placed 
protiusion Occasional!), calcification in the herniated nucleus ma\ 
be noted, and bony spurs projecting into the vertebral canal mav 
be seen 

OPERABILITY AND RESULTS 


The end lesults of operations for cervical herniations are not as 
encoui aging as those of operations for spinal neoplasms, removal of 
which is followed by rapid return of function and, on the whole, ratlier 
bnlliant lesults Possibly, if the lesults were compared only with those 
of operations for ventral extraduial tumois, the disparity would be less 
Remoial of ventral extradural protruded masses is especial!) difficut 
owing to their relative inaccessibility and to troublesome bleeding from 
the extradural venous plexuses when the dura along the ventral part 
of the canal is cut to expose the herniation Masses firmly adherent 
to the underlying veitebiae aie, moreovei, more difficult to remove 
than soft tumois without firm attachments In several cases, 
of ossification of the piotruded mass, only partial removal cou 
accomplished but in others the mass could be lemoved 
Recov^er) of function took place, hovv'^ever, more slowly and 
as complete as follow mg removal of a tumoi of the spinal cord 
delay in lecovery may be due in part to the fact that the lesion is 
and relativel) sharply discrete and in part to the fact that the 
is probably made in the majoiity of instances only after the lesion ^ 
been in existence a considerable time Compression under these circ 
stances is likely to produce a inoie permanent degenerativ'e 
the spinal cord than occurs as a result of the less circumscri e 


more easily recognized soft tumor . , 

Another factor militating against complete lecov'ery is 
ness of removM In vnevv of the nature of the protrusion an 
source it seems possible that additional material may protru ® 
movements of the neck are again resumed While it is not 
this talves place, it is conceivable that it does Qiamberlain an 
(1939) reported the observation by Dr Temple Fay of 
the amount of protrusion m the lumbar i egion on flexion and ex e 


of the spine during operation 

Type of Laminectomy — Having tried both bilateral 
hemilaminectom) m the approach to the v’^entral surface of t e 
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cord in the cervical legion, I feel that hcmilaminectom)^ as introduced by 
Alfred S Tayloi (1910) is the opeiation of choice, especially when the 
mass lies somewhat to one side of the coid as it most fiequently does 
m this legion In hemilaminectomy the aiches aie lemoved faithei 
ventrally and lateiallv than m bilateial hemilaminectomy, and a moie 



Fig 10 — Hemilammectmoy with exposure of the cervical cord, according to 
the technic of Alfred S Taylor This is the operation of choice for extradural 
ventral herniation of the nucleus pulposus The arches on the left side of the 
vertebrae have been removed as far as the articular processes The lertebral 
spines, the intraspinous ligaments and the vertebral arches on the right side ha\e 
not been disturbed The dura on the right has been opened and retracted A slight 
dorsal angulation of the cord due to ventral herniation of the nucleus pulposus is 
noted (From Stookey, 1928 ) 

direct approach to the ventral surface is thus afforded As bleeding 
IS encountered when an extradural approach is made, this route is 
usually avoided in the cervical legion Furthermore, when the cord 
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IS lotated, its -visualization is advisable in order to avoid injuring it, 
as retraction of the coid with the dm a unopened may lead to a greater 
trauma than occurs when the cord is exposed When the protrusion 
IS markedly lateial, ho\\eAer, sufficient retraction can be accomplished 
without opening the duia to permit remoral of the herniated portion 
without tiauina to the cord Taydor’s hemilaminectomy offers the 
furthei adrantage that it disturbs the lelationships of the vertebra! 
column less than bilateial laminectomy This is of special importance, 



Fig 11 — Same as figure 10 Two dentate ligaments have been cut, an ^ ^ 
cord has been rotated, the ventral surface of the dura being brought into 
\entral extradural herniation is seen beneath the dura A longitudinal incisio 
the dura should be made o^e^ the herniation (From Stookey, 1928) 

Since the stability of the vertebral column may already be 

the changes m the relations of the vertebial bodies and the intenen & 

intervertebral disks found m herniations 

the dura is opened and the cord brought into view, one 
two dentate ligaments are grasped tvith mosquito forceps and cu 
allotv rotation of the coid and retraction to permit adequate 
of the ^entral aspect of the dura A paramedian incision of 1 to 
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IS made in the ventral duia o^er the protrudmsj poition of the nucleus 
pulposus The protruding pait can then be lemoved in pieces, usually 
in the form of thin layers of frayed caitilaginous tissue Aftei this 
removal, a depression having a relatively smooth base can be seen on 
the ventral surface of the ^erteb^al bodies The ventral opening m the 
dura IS then sutured with one or two fine silk sutures 

If the protruded portion is large and extends acioss the midline, 
the opposite arches of one or two vertebrae immediately overlying 
the herniation may be removed, the hemilaminectomy being conveited 
into a local bilateral laminectoiu} Another paiamedian incision is made 
in the dura on the opposite side, after rotation of the cord, and the 
herniated part of the disk is removed in the same manner An approach 
from the opposite side will seldom be necessary 

so II MARY 

The so-called ventral extraduial cervical chondioma, first lecognized 
as a clinical entity m 1928, is now behe\ed to be not a neoplasm but 
rather a portion of the nucleus pulposus protruding through the annulus 
fibrosus into the vertebral canal 

Such protruding parts exeit pressuie on the cord oi nerve roots oi 
both and give rise to three distinct sjndromes the syndrome of bilateial 
ventral pressure, the syndrome of unilateral ventral pressure, the 
syndrome of nerve root pressure 

Diagnosis of this lesion is frequently difficult, as the signs and symp- 
toms may closely resemble those of intrinsic disease of the cord This 
should be ruled out m selected cases by exploration rather than accept 
the hopeless outlook which such a diagnosis implies 

In the author’s experience no approach gives as adequate an exposure 
as Ta3dor’s hemilaminectomy for removal of herniated portions of the 
nucleus pulposus in the cervical region 
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CLINICAL ASPECTS OF PROTRUDED INTER- 
VERTEBRAL DISK 


HARRY B VACEY, MD 

ROCHESTER, MI^N 

Posterior piotrusion of the intei vei tebi al disk, an entity brought 
to attention b} Alixter and Bair,* \\ho lecognized the \alue of employ- 
ing radiopaque oil as a diagnostic means, has taken its place with othei 
pathologic conditions producing backache and sciatic pain 

I do not wish to imply that all posterior protrusions produce symp- 
toms, however, a protiusion of sufificient size, advantageously placed, 
may produce pathologic changes in the nerve roots or the cauda equina 
sufficient to convince the most skeptical of its clinical significance 

The present study was undertaken in an attempt to present the 
clinical findings in a series of cases in which definite neuial changes 
were noted at the time of exploration and removal of a posteriorly 
protruded intervertebral disk 

This group IS composed of cases m which operation was pei formed 
at the Mayo Clinic in 1936 and 1937 All questionable cases and all 
cases in which no definite pathologic changes were demonstrated m 
the nerve roots or m the cauda equina at the time of operation have 
been excluded Operation was carried out by the neurosurgical staff 

ANATOMY AND MECHANISM OF PRODUCTION 

The intervertebral disk, or fibrocartilage, is composed of the annulus 
fibrosus and the nucleus pulposus The annulus fibrosus is composed 
of lammas of fibrous tissue and fibrocartilage and is so placed at the 
anterior and posterior intervertebral spaces as to confine the nucleus 
pulposus between the vertebral bodies The nucleus pulposus, a soft, 
elastic mass of fibrous tissue, is confined superiorly and inferiorly by 
the cartilaginous plate covering the inferior and superior portions of 
the vertebral bodies and anteriorly and posteriorly by the annulus 
fibrosus It IS confined under pressure and acts in the capacity of a 
shock absorber, or cushion, for the vertebral bodies 

From the Section on Orthopedic Surger 3 '-, the Ma}'o Clinic 

1 Mixter, W J , and Barr, J S Rupture of the Interv ertebral Disc \% ith 
Imohement ot the Spinal Canal, New England J Med 211 210-215 (Aug 2) 
1934 
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The nucleus pulposus, normally circular, changes m shape under 
pressure, and theie is a coi responding change of the annulus fibrosus 
to compensate for the changing nucleus Theie must of necessity be 
an accompanying change in the position of the vertebral bodies and an 
uneven compression To produce posterior sti etching of the annulus, 
force must be applied over the vertebral bodies with the spinal column 



Diagrams showing (a) a normal intervertebral disk, (t*) 
fibers of the annulus fibrosus and extrusion of the nucleus, and (Q 
changes in the annulus fibrosus and nuclear content with hyperextension 

in the position of flexion The anterior aspect of the interverteb ^ 
space is narroved, with corresponding widening of the interspace t ^ 
the front to the back There results a tensing of the posterior pord ^ 
of the annulus with a posterior bulging from the shifting nuc 
If sufficient force is applied, there may result one of tw'O changes 
an acute rupture of the posterior portion of the annulus, 
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occurring at one oi the othei of its veitebial attachments, with a lelease 
of its nuclear content and loss of compression, or (2) a giadual change 
in the postenoi poition of the annulus b}'' disiuption of its fibers with a 
gradual loss of resilience and, finall), foice sufficient to complete the 
rupture with escape of the nucleai content of the annulus In the 
course of the gradual luptuie theie maj be lecunent bulge producing 
lecuirent symptoms (see accompan 3 ung illustiation, a and h) 

There is anothei stiuctme to be consideied m conjunction with a 
posterior protrusion This is the posterior longitudinal ligament, which 
m the earlier phases of ruptuie of the annulus may prevent pioduction 
of clinical symptoms othei than transient backache The posterior 
longitudinal ligament is thickened over the veitebial bodies, thins out 
as it extends laterally and becomes adherent to the fibrocartilage By 
Its elastic qualities it maj'' temporarily lestiain the ruptuied annulus 
and nucleus and later become sti etched, thus permitting the character- 
istic bulge of a posterior protrusion m a lateial aspect The anatomic 
structure of the posteiioi longitudinal ligament probably accounts for 
the unilateral nature of this syndrome, ivhich may occui on either side 
and at more than one level , howevei , protrusions m the midline can 
occur More correctly speaking, they are probably bilateral protrusions 

PATHOLOGIC PICTURE 

The pathologic picture of a postenoi ly protiuded disk is that of 
nerve compression (by nerve compression I mean that the protrusion 
has compressed a root lateially and posteriorly against the pedicle of 
the vertebra and on the ligamentum flavum) from a ruptured annulus 
fibrosus, an extruded nucleus or a combination of the two From the 
pathologic examinations in 100 cases forming the basis of this study, 
the predominant finding was degenerating fibrocai tilage In this senes 
of cases only 15 per cent of the specimens showed remnants of noto- 
chordal tissue, and in a few instances degenerating hyaline cartilage 
was noted Thirty-seven per cent of all specimens showed evidence 
of edema This fact has been offered by Deucher and Love ^ as a 
possible explanation foi the recurrent attacks of sciatic pain with 
repeated injuries 

The pathologic appearance at operation is that of a firm, hard pro- 
trusion at the posterolateral inteivertebial space On exposure by 
incision of the posterior longitudinal ligament, this protrusion may be 
seen to extrude itself into the wound, or it may be found firmly 
adherent, necessitating excision for its removal Not infrequently, 

2 Deucher, W G, and Lo%e, J G Pathologic A-spccts of Posterior Pro- 
trusions of the Inter! ertebral Disks Arch Path 27 201-211 (Peb ) 1939 
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degenerating, cheeselike mateiial is seen to extrude on incision of tlie 
lateial attachment of the postenoi longitudinal ligament There ina} 
also occur, though laiely, extrusion into the canal of several fragments, 
which are fibious particles of the nucleus pulposus It would appear 
from the anatomic and pathologic pictuies that the presenting turae 
faction in this syndiome is due to protrusion of the nucleus covered 
by the annulus fibiosus which has undergone fibrous changes There 
may be an occasional case in which fibrous fragments of the dislodged 
nucleus become so placed as to produce nerve compression 

CLINICAL HISTORY 

The clinical histor}' resulting from a posterior protrusion with 
accompanying neuial iriitation commonly follows one of two patterns 
1 There may be lecuirent “low backache,” with the initial onset 
attiibuted to an injury severe enough to be remembered There also 
may be an association of repeated injuiies with an acute onset of 
sciatic pain following an apparently^ trnual injury'^, such as slipping, trip- 
ping or falling in a sitting position, in which there occur sudden flexion 
and torsion of the spinal column The sciatic pain may be continuous 
or recurrent Theie may be an associated paresthesia, which is com 
monly complained of in the form of numbness, tingling or needle-hke 
pains ovei the buttock, the posterior aspect of the thigh, the postero 
lateral aspect of the leg oi the dorsum of the foot 2 There may be 
backache and sciatica togethei , continuous and with oi without a history 
of remembeied injury The injuiy is fiequently trivial and seemingly 
insufficient to cause an acute lupture of the annulus fibrosus In this type, 
paresthesia is also a common complaint In the presence of persistent 
sacral pain without disturbance of the achilles tendon reflex, posterior y 
protruded disk at a high level should be suspected , 

The sciatic pain is aggiavated by' activity, coughing, sneezing 
motions which induce traction on the nen'e loots On close question 
ing regarding relief with rest, it IS found that most of the patient 
become free from pain by lying absolutely immobile and that any 
motion reproduces the pain Many positions may be assumed, the mo^^ 
common of which is lying on the side with the spinal column and t 
thighs flexed From this clinical picture there may be many variation^, 
such as relief on walking or standing and pain only m the bu oc < 
thigh or leg There are varied levels of pain and anesthesia 
effect of traction on the extremities vanes in some cases the 
pam IS intensified and traction is intolerable, while m others 
temporary relief, the pain recurring when activity is allowed 
are other cases in which traction affords periods of complete relie 
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CLINICAL DAT\ 

Gjonp A —Of 100 cases studied, there was a histoiy m 23 of injury 
sex ere enough to initiate symptoms unquestionably attributable to the 

injury 

Gtoup A-1 —In 9 cases of this gioup, backache and sciatica occurred 
together, in 7 these sxmptoms xvere continuous, and in 2 they were 
recurrent 

G)oup A-2—ln 2 of the 23 cases there xvas continuous sciatic pain 
alone 

Gimp A-2 —In 12 of the group of 23 cases there was a history 
of many years ot backache xvith late onset of pain over the distribution 
of the sciatic nerve In 7 of these 12 there had been recurrent attacks of 
sciatic pain xvithout a history of secondary injury to produce the onset 
of the sciatic pain, and in 5 cases there had been recent an persis 
tent sciatic pain associated with a secondary minor injury 

It xvas of interest to note that in 17 of the 23 cases the injury was 
sustained xvith the spinal column in a position of flexion and torsion , 
in the other 6 the posture xvas not knoxvn 

Gioup 5— In 9 cases of the group studied, there xvas a history of 
many years of backache xvithout knoxvn injury to produce the symp 
toms In all of these cases the onset of sciatic pain occurred while t e 
patient xx'as doing some type of xx^ork which required standing with t e 
spinal column in a position of flexion, such as shoveling snow or 
pitching hay, after xvhich the pain was persistent 

Gioup C— In 68 cases of the series, the patients did not remember 
any mjuiy of sufficient magnitude to produce onset of the symptoms 
Gioup C-l—ln 12 of this group of 13 cases, the onset of backache 
and that of sciatic pain xveie simultaneous, and both symptoms were 
persistent, in 1 case there xvas continuous backache xvith recurrent 
sciatic pain In 11 cases the symptoms had been present a comparatively 
short time (several months), and m the remaining 2 cases the duration 
xvas several years 

Gioup C-2— In 13 of the 68 cases there had been recurrent back- 
ache and recurrent sciatic pain for many years, and in 9 of these there 
had been several months of continuous sciatic pain prior to the patients 
admission to the clinic 

Gioup C-3 — In 34 cases there xvas a histoiy of many months to 
many years of backache and, later, onset of sciatic pain which had 
persisted continuously The average duration of backache xxas seven 
and nine-tenths j^ears, and the range xx'as from one to ^ }ears^ 
The average duration of persistent sciatic pain "was rom t ree to six 
months 
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Group C-4 — In 8 cases of the group of 68 there was a histoi) ot 
sciatic pam alone In 2 of these 8 there had been continuous pain oi 
three and foui months’ duration respectively, and in 6 there had been 
lecurrent sciatic pain with an aveiage duiation of three years 

Comment — Fiom the foregoing data it is leadily seen how difficult 
It IS to draw any definite conclusion othei than that the syndiome mai 
include the following manifestations (1) recuirent backache and recur- 
rent sciatic pam, (2) continuous backache and recurrent sciatic pam, 
(3) continuous backache and continuous sciatic pain, (4) continuous 
sciatic pam without backache or (5) recuiient sciatic pain nitbout 
backache 


From the pathologic anatomy one must conclude that the piotrusion 
lesults from an injury oi injuiies or possibh fiom disease, although 
so far as I know the latter has not been lepoited The impression 
one gets in reviewing the cases is that injury is the basis of all posterior 
protrusions but that the degree of the injuiy or multiple iiijunes 
determines the clinical history and the clinical course of the syndrome 

With a severe injury there may be an acute rupture of the posterior 
portion of the annulus and a corresponding bulge of sufficient degree 
and so placed that continuous symptoms aie produced Theie ma) 
be a spontaneous lupture from an apparently tiivial injury m a preu 
ously damaged annulus Also, there is some mechanism whereby tie 
pressure from this posteiior protrusion on the neive root is release , 
pioducmg remissions between the attacks The nature of this mec an 
ism constitutes a problem for much speculation Is there recurren^ 
edema of the protrusion which produces intermittent pam^ fs 
posterior longitudinal ligament an agent in gradually lessening 
piotrusion following rupture of the annulus fibiosus, and does it ^ 
thei assist in i educing recurrent displacements of the annulus 
Does the nucleus pulposus produce recuirent sciatic pam by s i » 
in and out of its anatomic position between the vertebral bodies, or 
the partially or wholly extruded nucleus displace the annulus 
m such a manner that there is resulting compression of the nerve 
from the annulus? Is the intermittency of the symptoms 
on reduction of the nucleus into its interveitebral space, theieby a 
ing anatomic reposition of the annulus? 

Deucher and Love ^ have suggested that recurrent edema is 
the explanation for recurrent sciatic pam associated with posterior 
trusion of the intervertebral disk . 

In 82 of 100 cases relief was noted with rest, in some 
simply by inactivity and in others produced by a particular a^^i 
assumed on lying down, such as flexion of the aftected thip o 
aodomen or lying on one side or the other In 64 cases the pa 
complained of some type of paresthesia 
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CLIMCAL lINDINGS 

In attempting to desciibe the clinical findings fiom which a diag- 
nosis can be made a certain group of cases must be considered m 
which the findings are characteustic of posteiior protiusion From 
this picture there may be man)' vaiiations, even in those cases in 
which little clinical evidence is presented at the time of examination 
and a diagnosis is made fiom the history and the positive findings as 
shown by radiopaque oil oi air studies Not infiequently in this group 
IS seen the patient with a large posterior piotrusion in a symptomatically 
quiescent state, and, as has been stated befoie, this presents one of 
the interesting questions raised of the syndiome, namely, why there 
IS an interval of quiescence of symptoms 

Positive Findings — In 50 of the group of 100 cases, there was uni- 
laterally limited “straight leg raising,” in 24 there was a bilaterally 
limited “straight leg raising,” and in 26 the patients were consideied 
normal in this respect In 17 cases there was atiophy of either the 
buttock or the extremit}' or both, 13 of these cases occurring m groups 
A and C-3 

Inspection — The characteustic jDOSition of the spinal column m the 
cases of acute inAolvement was a list to the unaffected side, with scoli- 
osis of the lumbar vertebrae This was noted m 33 of 100 cases In 
only 5 cases was there a list to the affected side In 24 cases the posture 
was good, m 21 cases no mention of posture was made, and one assumes 
that it was good In 1 case there was alternating scoliosis, which is 
almost pathognomonic of a bilateral or midhne posterior protrusion, 
however, there is commonly a bilateral protrusion without alternating 
scoliosis In 16 cases there was obliteration of the lumbar lordosis 
with geneiahzed flattening of the back 

Palpation — In 50 cases tenderness was elicited over the lumbosacial 
joint and was felt to arise from pathologic changes m this joint Pos- 
sibly in some cases the tenderness resulted fiom a lesion of the fourth 
and fifth lumbar interspace In 50 cases tenderness could not be elicited 
on physical examination or was of such little significance that it was not 
noted In 39 there was tenderness over the legion of the sacroiliac 
joint on the affected side, which is probably of little clinical significance 
In 80 cases, or 80 per cent, there was definite limitation of motion, 
particularly m flexion of the spinal column 

ROENTGEN EXAMINATION 

Of 98 cases in which fluoroscopic examination with radiopaque oil 
''as done, theie were 93 in which a positive defect was found, 4 in 
"hich the procedure was a failure and 1 in which a protruded disk w'as 
found at the interspace between the fourth and fifth lumbar vertebrae 
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at operation aftei the lesults of roentgen examination had been reported 
as negative In the 2 lemaming cases of the series direct exploration 
was earned out without roentgen examination Camp^ reported that 
y tie use of ladiopaque oil accurate diagnoses have been made in 
y2d per cent of 210 cases obseived at the Mayo Clinic In view of 
tie act that radiopaque oil ina}’’ gne use to radiculitis, air studies 
aye een emplojed when advisable, and lesoit has been made to 
ya lopaque oil when air studies failed to denionstiate a suspected lesion 
oentgen examination aftei injection of air into the spinal canal has 
een le eired to b\ otheis as myelograpln In the Majo Clinic it is 
re ericf to as taking a spmogiam and is employed as a means of 
diagnosiug a piotiuded intei vertebral disk 

Skeletal Changes- In 34 patients changes weie noted on roentgen 
examinarton of the bony stiuctures in association with the posterior 
pro rusion, tneie weie 1 with spondylolisthesis, 2 with “facet changes,” 
wit ypeiti opine changes and 28 with nan owing of the lumbosacral 
^ ^ lumbar interspace, all corresponding to the site 

at which the posteiicu piotiusion occuiied Of this group of 28 patients, 
weie m group C-o, the group with many months to j eais of backache 
-Location -—Foity-one of the posterior piotiusions occurred at the 
luinbai interspace, 46 at the lumbosacial joint, 8 at 
ne thud and fourth lumbar interspace and 1 at the second and third 
urn ar interspace Four patients sliow'ed multiple protrusions Of this 
group tiere w^eie 28 midline oi bilateral protrusions of the disks Each 
of the remaining 72 protiusions was unilateial 

Neurologic Examination — The most important finding m Muro 
ogic examination ivas the lepoitmg of a diminished achilles tendon 
re ex, however, a noinial leflex does not preclude the finding of a pos 
erwry protruded disk In 66 of the gioup of 100 cases there was 
evidence of a diminished achilles tendon lefiex In 13 cases this 
graded —1 on a basis of —1 to —4, m 8 cases it was graded -2, 
graded — 3, and in 31 cases it was giaded — 4 
the group of 100 cases there weie 12 in wdiich there was bilaterai 
sciatic pain and in which a bilateral protrusion was found The fiod 
ings in this senes compaie closely with those leported by Lore* and 
y ove and Walsh •' on difterent occasions, mnioi discrepancies resu t , 
mg from the choosing of a small senes of cases 


Personal communication to the author , ■ 

Intractable Low Back anrl Pam Due to Protruded 


3 Camp, J D 

4 T r n '-viuuiuuiLauon to tne aiitnor 

Tivprrro i Intractable Low Back and Sciatic Pam Due to 

(Dec) 1938 Treatment, Minnesota ’ 
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TOTAL PROTEIN 

The presence of high values for total piotein in the spinal fluid has 
been of considerable impoitance in the neuiologic examinations foi 
intraspinal lesions, and one would anticipate an elevation of the value 
tor this substance in the piesence of a posteiioi piotrusion of the inter- 
vertebral disk This, howeiei, was not always the case, the piotein 
content of the spinal fluid has been found to be noimal or at a low 
level in some cases m which a large posterioi piotrusion was present 
The significance of the elevated value foi piotein in this syndrome is 
that it adds more positive evidence to that on the basis of which a 
lesion IS already suspected In cases in which clinical examination 
is not diagnostic and the results of neurologic examination are objec- 
tively negative, it may be a reason foi pioceeding with a more exhaustive 
study, including a roentgen examination of the spinal canal aftei 
injection of air or radiopaque oil This may be particularly advisable 
for the orthopedist or the neuiologist, who does not have leady access 
to fluoroscopic or roentgen facilities In 4 cases of this group, esti- 
mation was not made, and in the other 96 cases the average protein 
content of the spinal fluid was S3 8 mg per hundred cubic centimetei s 
In 36 cases the protein content did not exceed 40 mg per hundred 
cubic centimeters In 4 cases it was 45 mg In the remaining 56 
cases the protein content pei hundred cubic centimeters of spinal fluid 
was more than 45 mg and was considered to be of definite pathologic 
significance The highest protein content for any individual patient 
was 220 mg per hundred cubic centimeters of spinal fluid 

Average of Patients by Gtoups — Group A was found to have an 
average value for total protein of 45 5 mg per hundred cubic centi- 
meters of spinal fluid In 9 cases of group A, the value for total protein 
was normal, in 2 the value was 45 mg per hundred cubic centimeters 
of spinal fluid, in 3 no estimation was done In the remaining 9 cases 
there was a definite inciease above normal m the value for protein 

In group B theie was an aveiage A'alue for total protein of 50 mg 
per hundred cubic centimetei s of spinal fluid In 4 cases the A'alucs 
foi protein were noimal In the lemammg 5 there Avas a definite 
elevation above the normal le\el 

In group C-1, the average \alue foi piotein was 58 5 mg pei 
hundred cubic centimeters of spinal fluid In 4 cases there w^eie 
normal \alues, and in 9 theie was an elcAation above the normal Ie\cl 

In group C-2, the aveiage value for piotein was 64 6 mg per hun- 
dred cubic centimeters of spinal fluid In 3 cases theie weie normal 
values, m 1 the total protein w^as not estimated and in 1 there was 
a value of 45 mg In the remaining 8 cases theie was an delation 
above the normal level 
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In group C-3, the areiage value foi total protein was 544 mg per 
hundred cubic centuueteib of spinal fluid There were normal valuer 
m 14 cases, in 2 theie was a value of 45 mg , and m 18 there was an 
elevation above the normal lex el 

In gioiip C-4 theie xveie 8 cases in xvhich sciatica was continuous 
n 4 of these the xalue foi total protein was normal, and in 4 it was 
elex cited The average xmlue xxms 50 mg 


SUMII-XRV 

Ihib i> an attempt to present the findings as noted on orthopedic 
' \aniinatiun and to a lessei extent on neurologic examination in 100 
ea^es m which posterior protrusion of an intervertebral disk xvas of 
appaient significance m producing symptoms It is felt that this syii 
< mine nresents sufficient clinical evidence in the history and the 
examination to arouse suspicion of a posteriorly protruded disk m 
priccicall} all cases and that in the majority the condition can be diag- 
nosed on the clinical history and examination alone However, roent 
gen examination should probably be earned out on all patients to 
detcimine the location of the protiusion or protrusions Also, there 
IS a group of patients m the quiescent period for xxdiom a roentgen 
examination is necessary foi demonstration of a suspected lesion 
There is still a third group, with the usual clinical findings and historj, 
in whose cases the lesults of the roentgen examination are negatne 
out must be considered m deciding xvhether to make an exploraton 
examination 

It IS my impression after completing this study that a possible 
explanation of the mteimittency of symptoms is that in some manner 
a change in position of the dislodged nucleus beneath the annulus 
losus results m reduction to approximately normal anatomic posi 
tion From the cases observed at operation, one xvould anticipate 
tiat this could occui by i eduction of a protiuded nucleus pulposus 
etxveen the mtervertebial bodies, permitting a collapse of the annulus 
and a release of nerve compression 

I should also like to mention a test xvhich is felt to be of sigiub' 
cance in examination of patients xxuth posteiioi protrusion, that of a 
sudden unexpected hyperextension at the lower lumbar vertebrae 
len the result is positive, pain is reproduced over the course of tbe 
a ected sciatic nerx^e The mechanism xxffiereby this occurs is probab \ 
a narroxvmg of the posterior interspace xvith a sudden relative increase 
m the posteuor bulge, xvith sudden pressure on the nerve root (see 
illustration, C) 

As regards the tieatment of this lesion it is confined to the nem'O 
surgical dixision of the clinic and consists of laminectomy and remoxa 
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of the ligameiitum fla^ iim and the disk, m Inch pi ocedui e the articular 
facets are preseived Theie aie man} cases in which the consideiation 
and aid of the orthopedist aie lequired in association with the neuio- 
surgical pi ocedui e, and it is essential to have close harmony between 
the orthopedist and the neurosuigeon in the handling of these cases 
The cases in which a combined pi ocedui e is employed, that of hemi- 
laminectomy and removal of the disk and bone giafting, include such 
conditions as spondylolisthesis, separated neuial aich without slipping 
of the vertebial bod} and maiked naiiowmg of the inteiveitebial 
space with hypeiti opine aithutic changes 

Dr J W Kernohan ie\ie\\ed the pathologic specimens Members of the 
neurosurgieal staff gate taluable suggestions and peimitted access to the surgical 
notes 
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Roentgen examination atter the injection of iodized oil into the 
‘-pinal subarachnoid spaces (iodized oil myelography) is the most 
important step in the diagnosis of lupture of the intervertebral disk into 
the spinal canal The accuiate loentgen localization of the lesion is ot 
distinct \ alue to the surgeon, and the demonstration of the mechanism 
1j\ which the fragment of the ruptured disk presses on the cauda equma 
has added weight to the evidence that rupture of an intervertebral dis 
into the spinal canal is a definite clinical entity 

A positive diagnosis of posterior protrusion of an mterverte la 
disk into the spinal canal has been made at the ^Massachusetts Genera 
Hospital m 133 cases by the use of iodized oil, roentgenoscopi 
instantaneous films taken during roentgenoscopic examination 
except 9 of these diagnoses were proved correct at operation ^ 
were 2 cases of negative results on roentgen examination with posi n 
operative findings and 2 of questionable loentgen diagnoses with 
operative findings A dilated arachnoid vein, a fractured pe i 
small osteoma and m 2 cases a thickened ligamentum flavum were rn|S^ 
inteipieted as ruptured mtei vertebral disks Surgical exploration 
been done with negatne lesults m 9 cases, of which 
iveie expected from roentgen examination in 7 and positive in 


accuracy of diagnosis is therefore 93 per cent 

Air mj elography is lapidly coming into use in the diagi^o®*^ 
luptuie of the intei vertebral disk- The accuracy of this type 


ot 

of 


1 Mixter, W J Hrotrusion ot the Lumbar Inteneneoiii* ' 

Fourth International Neurological Congress, Copenhagen, Denmark, Aug 


Protrusion of the Lumbar Inten ertebral Disks, re® 
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2 Young, B R , and Scott, M Air Myelography The Substitut 
Air for Lipoidal in Roentgen Visualization of Tumors and Other Strac 
Sp nal Canal, Am J Roentgenol 39 1S7A92, 193S Dandy, W E 
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Subarachnoid Block bj Use of Air m Subarachnoid Space, Ann Surg 
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examination Aanes considerabl)'- in the hands of diffeient workers 
Improvements will undoubted!)' be made in the technic of this examina- 
tion and the accuracy of roentgen interpietation, but at present it is 
doubtful that a positive diagnosis of rupture of the intervertebral disk 
can be made in over 50 per cent of the cases Even if an error of 50 
per cent in the diagnosis of ruptuie of the disk by air myelography 
persists, the procedure should nevertheless be used, as a preliminaiy, 
before the injection of iodized oil, because in that waj it will probably 
be possible to eliminate the use of iodized oil and its questionable ill 
effects in one half of the patients Air myelogiaphy is of distinct value 
when the findings are unequivocally positive, but it is of little value when 
the findings are equivocal or negative 

The indications and contraindications for iodized oil myelograph)' 
have been discussed at length in the literature ® It has been maintained 
that iodized oil may be safely injected into the spinal subarachnoid 
spaces if the procedure is properly carried out, but the indiscriminate 
use of this valuable method of diagnosis is to be avoided The patient 
who IS to be subjected to this examination should be carefully selected 
There should be no doubt that he is suffering from a disease sufficiently 
disabling to warrant a major surgical procedure for relief The dis- 
covery of a narrowed joint space by plain roentgenograms is not an 
indication for the examination with iodized oil Even though this 
finding may indicate rupture of the disk there is no indication that it is 
pressing upon the cauda equina 

It cannot be too strongly emphasized that iodized oil in the spinal 
canal is a foreign body and remains as such for many years Of over 
200 patients subjected to this type of examination at the Massachusetts 
General Hospital, 4 have had fairly persistent untoward symptoms 
presumably developing from the use of iodized oil Two complained 
of headaches coincident with the lodgment of the iodized oil in the cranial 

1934 Camp, J D The Comparative Value of Subarchnoid Air Versus Lipiodol 
m the Diagnosis of Intraspinal Protrusion of the Intervertebral Disks and of 
Hypertrophy of the Ligamentum Flavum, read at the Fortieth Annual Meeting of 
the American Roentgen Ray Societ}', Chicago, Sept 21, 1939 

3 Mixter, W J , and Ayer, J B Herniation or Rupture of the Intervertebral 
Disk into the’ Spinal Canal, New England J Med 213 385-393, 1935 Harkins, 
H N Use of Iodized Poppy Seed Oil m Differential Diagnosis Between Tumors 
of Conus Medullaris and oi Cauda Equina, Arch Neurol & Psychiat 31 483-503 
(March) 1934 Globus, J H , and Strauss, I Intraspinal lodolographj Sub- 
arachnoid Injection of Oil as Aid in Detection and Localization of Lesions Com- 
Picssing Spinal Cord, ibid 21 1331-1396 (June) 1929 Mi-^ter, W J , and Barr, 

1 S Rupture of the Intervertebral Disk with Iniohement of Spinal Canal, 
^^eu England J Med 211 210-215, 1934 Barr, J S , Hampton, ^ O , and Mixtcr, 
M’’ J Pam Low in the Back and Sciatica Due to Lesions oi Intericrtcbnl Disk^ 

1 A M A 109 1265-1270 (Oct 16) 1937 Lmdblom, \ T On the Effects of 
Various Iodized Oils on the Meninges Acta med Scandinaa /G 395 402 1939 
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vault One complained of pam referable to a dorsal loot and another 
o coccygodynia In 1 of the patients sufteiing Mith headaches the oil 
was caused to entei the cianial cavity by placing the patient in the 
Trendelenburg position for treatment of shock This patient had had 
ree imes the usual quantity of oil injected, and it had been inconi 
pleteh removed In the othei patient headache followed the roent- 
genoscopic examination, at the time of which the oil ^^as caused to entei 
e cranium Theie aie other patients in the gioup vho have oil in then 
lania \aults vithout any sj'mptoms, but, since the oil cannot be dis- 
? cianial subarachnoid spaces oi ventiicles, great care 

taken to prevent it from entei mg those aieas The patient 

siou je instructed not to stand on his head until the oil has been 
removed 


I P3-tient has had a previous subaiachnoid injection of an it is 

a visa e to withhold injection of oil until the air has completelv disap 
peare and noimal spinal fluid pleasure has letuined, because collapse 
sfachnoid space or retention of an pievents the fiee floM of 
loentgenoscopic examination, and this may cause 
mu ip e a se filling defects A previous lumbar punctuie for studies 
ot the spinal fluid may result in a leak of spinal fluid which interferes 
wi ^ t e examination The difficulties and dangeis of injecting the 
01 w en a free flow of spinal fluid is not obtained aie obiious Several 
ms anc^ of subduial and extradural injections of iodized oil ha\e 
occuire undei these ciicumstances and also e\en when a free flow of 
ui was piesent The oil should be heated befoie injection to reduce 
wscosity, which makes it difficult to maintain the point of the needle 
m the subarachnoid spaces while the pressuie lequiied to empty the 
fringe is applied Caie should be taken to select fiesh iodized oil 
IS can e detei mined by the date marked on the ampule and also 
e CO or of the oil Fresh iodized poppyseed oil is practically coloiless, 
u w len etenoi ation occurs it becomes amber oi } ellow It is difficult 
0 etermine slight changes in color unless a fiesh ampule is arailahk 
lor colorimeti ic compai ison There is a definite r ai ration in the reaction 
Tf ^ P^hent to the injection of iodized oil into the subarachnoid spaces 
ou appeal that theie must be some difteience in the oil itself 
c^ome patients have no symptoms, while others hare fairly seiere 
nsien re^tions, but, as has been stated these leactions are seldom 
persistent The lepoits m the hteiature of peisistent untoivard leactwn 
ve originated from sources where iodized oil is used infrequeiitlj and 
s suggests that old or deteriorated oil maj have been used A 
necessarj to inject 4 to 5 cc (one ampule) of iodized oil into the sub 
„ spaces m ordei to allow a satisfactory roentgen examination 

smaller quantities ha^e been tiled, and eriois vere common unless the 



HAMPTON— IODIZED OIL MYELOGRAPHY 


447 


spinal fluid was blocked The loentgen examination can be done at any 
time aftei the injection of iodized oil, because it lemains freely movable 
even after several years IS'Iost of the loentgen examinations are made 
on the same day as iodized oil is injected The only contiaindication 
foi the immediate examination is the infrequent occuriences of a “lumbai 
puncture headache ” On the daj'^ after the injection, the patient may be 
more uncomfortable, and it may be necessary to give appropnate drugs 
foi the lelief of pain so that the patient may be moie able to cooperate 
in the examination 

ROENTGEN TECHNIC TOR IODIZED OIL MYELOGRAPHY 

Since over 90 pei cent of ruptures of the interveitebial disks which 
produce pressure on the spinal cord or cauda equina occur in the lumbar 
area, only the technic of examination of this area will be discussed Foi 
the complete examination of the lumbar subarachnoid spaces with iodized 
oil it is necessary to use a tilting motor-driven roentgenoscopic table 
It IS possible, however, to obfam a fairly satisfactoiy examination of the 
areas of the fourth and the fifth lumbar intei vertebral disk by using 
a hoiizontal roentgenoscopic table A quick change-over switch which 
allows instantaneous exposuie of films during the roentgenoscopic 
examination is necessary in either case The purpose of the examination 
IS to demonstrate a small, anteriorly placed, unilateral, extradural 
pressure defect m the subarachnoid spaces Since 5 cc of iodized oil 
fills only a small portion of the subarachnoid spaces, it is necessary to 
cause this oil to pass up and down the spinal canal over the areas of the 
disks The oil used is of the “heavy” type and consequently gravitates 
posteriorly when the patient is supine and anteriorly when the patient 
is prone Because of the small amount of oil and the effect of gravity. 
It IS necessary to examine the patient in all positions in order to rule 
out a small extradural defect, but when searching for a ruptured inter- 
vertebral disk It IS usually necessary to examine the patient only face 
down, 01 prone, as the oil crosses the area of each disk An effort should 
be made to have the maximum amount of oil occupy the ]e-\el of each 
disk, ] e, maximum filling opposite each intervertebral disk must be 
obtained before it is possible to rule out disease The examination is 
begun with the patient facing the fluoroscopic table in the upright 
position In this position all the iodized oil is in one mass and occupies 
tlie sacral cul-de-sac In some patients the upper leiel of the oil maj 
reach the middle of the fourth lumbar vertebra, but m the average patient 
the oil barely reaches the lei el of the fifth disk The anteroposterior 
lieu, both the oblique views and the lateral view of the column of iodized 
oil are talvcn with the patient upright if the oil extends aboie the lei el 
of the fifth disk It is necessary to take films as the oil occupies the 
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level of each disk, because some of the filling detects are too small 
to be visualized with the fluoroscope This is particularh true vitli 
unilateral ruptuie of the fifth lumbar disk The patient is then 
slowly brought to the horizontal face-down position, and just before 
11 IS reached the iodized oil usually occupies the area of the fourth 
disk Roentgenoscopic observations are made, and foui views of the 
spine are repeated The patient is then further manipulated, to the 
Irendelenbuig position, and as the oil crosses the area of each disk, 
nb',ei\aiions arc made and films are taken If examination of the spinal 
canal lor legions highei than the second lumbar disk is desired, it is 
necessar to place the head of the patient at the foot of the table, because 
the extreme Tiendelenburg cannot be obtained when the patient is in 
the opposite \ o-ition The height to which the examination is carried 
will of course depend on the suspected le\el of the disease, but in all 
cases of sciatica the examination should be carried to the tenth or 


eleventh doisal \crtebra The entire cauda equina and the conus 
medullaris should be completely examined It wull be noted that when 
the head of the pi one patient is lotvered to the extreme Trendelenburg 
position the flow of iodized oil will slow^ dowm as it reaches the conus 
medullaris This slow ing down of the oil is due less to the sudden change 
in the size of the structures of the spinal canal than to variation in its 
curve The anterior lordotic curve of the lumbar spine reverses to the 
kyphotic curve of the dorsal spine , thus the incline of the oil is changed 
In addition to the delay often noted at the conus medullaris, there is a 
tendency for the oil to break into small globules, and these may split 
into one or two streams flowing down one or both sides of the cana 
An attempt should be made to prevent this breaking up of the oil ' 
reducing the angle of the Trendelenburg position It is obvious tiat 
particles of iodized oil may pass around small filling defects, w'hereas 
the bolus or mass of the entire amount would show these defects we 
The small droplets can be brought together as one mass by simp} 
bringing the patient to the upright position If the dorsal or cenica 
areas are to be examined, it is important that the oil be carried towar 
the cranium wuth the patient lying prone on the table and the ceriim 
spine held m extreme hypertension The head can be maintaine 
tlus jiosition by placing pillows underneath the chin It is importaii^ 
that the position be maintained, especially w hen the oil enters the cen ica^ 
area to prevent the oil from reaching the cranial cavity The p3h6 ^ 
should not be placed in a more nearly vertical position than is necessa ^ 
to cause the oil to flow toward the head, because, even with the 
in extreme hyperextension, the oil will sometimes flow into the 
cavity If during the progress of the iodized oil from the 
the cramum, apparent filling defects are noted, an effort should be 
to obliterate them by manipulation of the oil upward and dowmv 
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and from side to side The filling defect must be constant Often the 
oil will separate into an hourglass shape as it ciosses the levels of the 
disks, particularly in the lower dorsal and upper lumbai areas A 
symmetiic, smooth hourglass shadow is larely due to rupture of the 
intervertebral disk It is more likely due to a sudden change m the angle 
of the incline of the flow of iodized oil, the hourglass shape of the oil 
being due to both the viscosity of the oil and the difference m the late 
of flow of the upper and lower halves of its mass Hourglass constric- 
tions can be made to disappear as the rate of flow of the entire mass of 
iodized oil IS increased by a more rapid increase in the angle of descent 
The physical principles involved may be compared to that involved in 
pouring thick liquid out of a small-mouthed vessel or in the stretching 
and separation of taffy candy The extent and degree of any filling 
defect IS of course best demonstrated when the maximum amount of oil 
is in contact with it 

It must be borne m mind that complete filling of the spinal sub- 
arachnoid spaces at any level except in the sacral cul-de-sac is impossible 
When the patient is face down the oil gravitates toward the anterior 
aspect of the spinal canal and has a relatively shallow level When the 
patient is on his back all the oil gravitates to the posterior aspect of 
the canal and again finds a level If the entire canal is to be examined 
It IS necessary that the patient be rotated m all positions under roent- 
genoscopic observation and the flow of the iodized oil observed m these 
positions Fortunately, ruptures of the lumbar intervertebral disks are 
nearly always visible when the patient is examined m the face-down 
position with the oil equally divided above and below the involved disk 
In some cases filling defects due to ruptured disks are so small that 
they are seen only m the oblique view, and even more rarely the lateral 
view IS of benefit When the defect is seen only in the lateral view it is 
seldom of clinical importance 

THE CHARACTERISTIC IODIZED OIL DEFECT 

It IS beyond the scope of this paper to include a complete roentgen 
description of the mechanism and variations m the filling defects 
produced by ruptures of the inten'ertebral disk Robinson and I have 
already done this m oui original presentation,^ which has been confirmed 
b^ others Onl}' typical examples of each t^pe of ruptured disk in the 
lumbar area are herewith presented 

4 Hampton, A O , and Robinson, J M The Roentgen Demonstration cf 
Rupture of tlie Inten ertebral Disk into the Spinal Canal After the Injection oi 
Lipoidol, with Special Reference to Unilateral Lumbar Lesions Accompanied b\ 
Low Back Pam with “Sciatic” Radiation, Am T Roentgenol 3G 782-803 lOtr, 




Fig 1 Drawing of the normal lumbar subarachnoid space filled with iodized 
oil This IS a composite of numerous roentgenograms, and the nerve roofs are 
drawn in then anatomic locations 
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Figure 1 illustrates the noimal lumbar subarachnoid spaces when completelj 
filled with iodized oil The course of the nerve roots has been drawn in, and 
each IS labeled Asymmetiic filling of the root sheaths is a normal variation 
It should be noted that the first sacial nerve crosses the fifth lumbar disk 
outside of the shadow of the iodized oil and that it is therefore possible for a 
rupture of the fifth lumbar disk to press on the root of the first sacral nerve 
without its being demonstrable by myelography All the other neives of the cauda 
equina cross the area of the disk within the shadow of the iodized oil, and for 
this reason pressure on these roots bv' a ruptured disk should always be demon- 
strable 

Figure 2 illustrates the mechanism of the filling defect produced in the sub- 
arachnoid spaces at the level of the fourth disk Note that the lesion is in an 
anterolateral position, is about 1 cm in diameter and elevates and displaces 
the more lateral nerve roots Such ruptures of the fourth lumbar disk alwavs 
press on the root of the fifth lumbar and perhaps on the first sacral nerve 

Figure 3 illustrates typical rupture of the fourth disk The serrated upper 
margin corresponds to the compiessed roots of the fifth lumbar and the first 
sacral nerve It should be noted that the defect begins at the inferolateral margin 
of the lamina of the fourth lumbar vertebra, being adjacent to the pcsteroinfenor 
articulating facet (compare fig 2) 

Figure 4 illustrates a typical rupture of the fifth lumbar disk As has been 
pointed out, such defects are smaller, because the iodized oil-containing aiea 
does not extend as far laterallj as the mass of the ruptured disk 

Figure 5 IS a normal myelogram of the areas of the fourth and the fifth 
lumbar disk, but a rupture of the fifth lumbar disk was found at operation Theie 
have been 2 such examples in the present series of cases 

In figure 6 A air has been injected into the lumbar subarachnoid spaces and a 
filling defect is demonstrated opposite the fourth lumbar disk This filling defect is 
indistinct and does not show the characteristics of the iodized oil mvelogram 
(fig 6B) 

Massachusetts General Hospital 
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PROTRUDED INTERVERTEBRAL DISK WITH COMPRESSION OP NER\t: 

ROOT AND SPINAL CORD 

Since the syndrome of protruded intervertebral disk became estab 
lished, it has been diagnosed more and more frequently, not alone 
by the neuiologist and orthopedist but by the general practitioner 
It has been only within the last few years that a clinical diagnosis coiiH 
be made of posterior protrusion of an intervertebral disk into the spinal 
canal, with subsequent compression of the spinal cord or of one or more 
nerve roots, and yet today it is a diagnosis that can be made m a ig 
percentage of cases by any up-to-date physician The information w ic 
has been collected, analyzed and correlated in the clinics of this countO 
and given freely to the medical profession, by means of publications m 
medical journals and lectures befoie medical societies, has served to 
alleviate a great deal of suffering and to restoie many workeis to tie^^ 
former fields of usefulness after more or less prolonged periods 
disability The economic saving m time and money is inestimable 
For the sake of argument one might ask if there is not an increas 
m the number of persons who are undergoing operation ^ , 

dition that a few years ago was treated mostly by nonoperative met o 
It IS our feeling that this is definitely true We also feel that the chang^ 

' T.»! 


in treatment, founded as it is on sound anatomic, patliologic and surg 
principles, is fully justified, and further, since the patients m care 


studied and selected cases are restored within a relatively s or ^ 
to useful activity by the employment of the proper surgical treatn 
there seems to be no justification for the older methods of ^ 
conservative treatment, which have to be carried on indefinitely, n 
period of two weeks to three months of rest in bed either at home 
a hospital every year 

From the Section on Neurosurgery (Dr Love) and the Section on he 
(Dr Walsh), the Mayo Clinic 
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Iinmediatel}’-, we wish to emphasize that we stiongly favoi and uige 
a trial period of so-called conservative treatment, unless theie is gioss 
evidence of damage to the cential nervous system, before the undei- 
takmg of neuiosurgical methods foi the relief of pain in the neck, 
shoulders, back or lowei extremities A period of obseivation on con- 
servative treatment will indicate to the caieful obseiver, in man)' cases, 
that there is an underlying lesion of the spinal cord or of a neive loot 
which must be attacked centrally 

We are still convinced that the intervei tebral fibrocaitilaginous disks 
protrude posteriorly into the spinal canal as the result of unusual stiess 
or strain applied to the vertebral column This stress may be the result 
of a single outstanding injury or it may be the result of repeated 
injuries of varying degiees of severity 

In an analj^sis of 500 consecutive cases in which opeiation was 
performed at the Mayo Clinic for protrusion of one or moie intei- 
vertebral disks, we have learned that 58 per cent of the patients gave a 
history of a specific injury to the back Many patients, when they give 
their history for the first time, fail to mention any past injury, how- 
ever, when more closely questioned regarding accidents and injuries 
many of them recall some episode followed by backache which subsided 
after a reasonable length of time Most of these peisons had not con- 
nected their presenting chief complaint of backache or sciatic pain with 
the injurj' This is true particularly if there has been a long mteiim 
of freedom from pain An analysis of our series of cases brings out 
the point to which we have called attention previously, that a high 
percentage of patients gn'^e a history of intermittency of symptoms 
Eighty-four per cent of oui 500 patients had intermittent sj'mptoms 
Whether this intermittency is due to vascular changes m the protiuded 
portion of the disk as suggested by Deucher and Love ^ or to degenei a- 
tion and interruption of pain fibers as a result of compression of the 
nerve root by the proti uded body as suggested by Adson - oi to a i etui n 
of the protruded fragments to within the center of the inteiiertebral 
space, as has been suggested by many, is not known That mtei mittencj 
IS a characteristic finding in these cases is noteworthy, and it sen es as a 
useful criterion in distinguishing between root pain caused bj a pro- 
truded disk and that caused by an intraspinal neoplasm, nhicli Ubiialli 
is marked by definite progression of symptoms and signs 

1 Deucher, W G, and Love, J G Pathologic AspectN of Posterior Pro- 
trusions of the Intervertebral Disks, Arch Path 27 201-211 (Feb 1 1930 

2 Adson, A W Personal communication to the authors 
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Protiubion oi any inteivertebial disk may occur, as far as we know, 
but m the vast majority of cases the protrusion occurs m the lumbar 
region of the spinal canal Approximately 96 pei cent of our 500 
patients had lumbar protrusion (fig 1) This is an important fact 
which lielps to make an othei w ise extremely complicated problem com 
paratively easy to sohe 

Protrusions in the ceivical and thoiacic regions of the spinal canal 
because of the limited amount of space between the spinal cord and 
the bony canal, lesemble more closety intraspinal neoplasms, and thej 
are usual!} detected more promptly than those in the lumbar region 
where the cauda equina has such freedom of motion No lesion can 



spinal column 

assume much size in the cervical and thoracic legions of the spin 
canal without interrupting some nerve pathway and thus calling attenti^^ 
to a compressive lesion However, in the lumbar region a mass ni3} 
large before any conduction system is aftected 

Men, it would seem, are more unkind to their backs than 
lor m our series there were 358 men and only 142 women w o 
operated on because of protruded disks This cannot be taken, we 
to indicate that the male’s back is weaker than that of the so 
■\\eaker sex It means probably that the discrepancy is due 
etiologic factor, trauma, which has a greater chance to exert 
among men, who ordinarily do most of the heavy lifting and stra 


LOJ' E-WALSH— PROTRUDED INTERVERTEBRAL DISKS 457 


and \\ho, m industiy, aie moie likely to be injmecl It is interesting 
to note also that the aveiage age of out patients at the time of operation 
was 40 3 'eais When the histones aie analyzed fuithei and it is noted 
that most of the patients have had mteimittent symptoms toi seveial 
>ears befoie the true cause of the disability was discoveied, it will 
be seen that the piotiusion occmied at an earlier age and at a time 
when a man probably is doing his most stienuous work and is most 
likely to sustain an injury 

The most common symptoms and signs and those which were of 
greatest value in arriving at a clinical diagnosis of protrusion of a lumbai 
disk were unilateral sciatic pain, which occuired m 78 pei cent of cases, 
and bilateral sciatic pain, wdiich w'as piesent m 16 pei cent In the 
other 6 pei cent, backache alone oi extension of pain elsew'here than 
along the course of the sciatic nerve occurred Twenty-four per cent 
of the patients complained of pain rvhich mterfeied with sleep at night 
This IS an important symptom when present It is particularly sug- 
gestive of a lesion of a nerve root, but it is much more common in 
cases of intraspinal neoplasm than in cases of protruded disk Another 
indication of involvement of a neive root oi of a radicular type of pain 
IS accentuation of the pain on coughing, sneezing or straining at stool 
Such accentuation occurred in 64 per cent of oui cases Paiesthesias 
in the dermatome supplied by the compiessed nerve root are of value in 
the diagnosis and localization of the protiusion Paresthesias occurred 
m SO per cent of our cases On the other hand, sphincteric disturbance 
occurred in only 4 per cent When such disturbance occurs, it usually 
means that a very large lesion is present and often a complete sub- 
arachnoid block, which is uncommonly associated with protruded disk 

The three neurologic signs which continue to be the most helpful 
m the diagnosis of protrusion of a lumbar disk aie Lasegue’s sign, posi- 
tive in 84 per cent of cases, sciatic tenderness, piesent in 64 per cent, 
and diminution or absence of the achilles reflex on the side of the pain, 
noted in 60 per cent 

In only 25 per cent of cases was theie any muscular weakness, sen- 
soiy loss w^as detected m only 21 per cent This is not difficult to under- 
stand m the light of the tact that the protrusion usually is small and 
compi esses only one ner\e root Examination gave objectnely negatne 
lesults ncuiologically m 20 pei cent of cases except for a positive 
Lasegue sign or sciatic tenderness or both All patients suspected ot 
having a piotruded intervertebral disk should undergo a diagnostic 
lumbar puncture, so that the hj drod) nainics of the spinal fluid may be 
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studied and a specimen of the fluid obtained foi careful analysis As 
has been stated, a protruded disk laiely produces subarachnoid block 
particularly a disk in the lumbar legion of the spinal column The detec 
tion of such a block, therefore, would be suggestive of greater likelihood 
of an intraspinal neoplasm The surgical treatment of such a condition 
lequiies essentially the same proceduie, although in our hands the opera 
tion for the two conditions has been modified considerably This subject 
will be dealt with undei the heading “Suigical Technic for Protruded 
Intervei tebral Disk ” 

The most important finding m the analysis of the spinal fluid in such 
cases IS the total piotein content of the spinal fluid In the entire series, 
40 per cent of the patients had less than 40 mg of total protein per 
hundred cubic centimeteis of spinal fluid in the specimen submitted for 
anatysis This percentage of patients with normal or low values foi 
total protein is highei than m the sei les of 300 cases previously reported 
This can be explained, we behe\ e, on the basis of a changed technic for 
diagnostic lumbar punctui e For about a year we have been puncturing 
the spinal canal at the intei space between the first and second lumbar 
vertebiae or between the second and third lumbai vertebrae, 
obtain a specimen of spinal fluid foi examination, and at the same 
time we leplace the fluid in the caudal sac with an in order to obtain 
a spinogram or visualization of the lumbai canal In this way we haie 
been able to confirm the clinical diagnosis of piotruded disk in a ver\ 
high peicentage of cases by means of one lumbar puncture, 
obviates repeated punctures and shortens the examination considera ' 
However, since m most instances the lumbai protrusion occurs at tie 
fourth or fifth lumbar interspace, we aie punctui ing the meninges an 
are obtaining our specimen of fluid at a gi eater distance from the lesio 
than when we tried m all cases to punctui e as low m the spinal can 
as possible 

ROENTGEN CONFIRMATION OF THE CLINICAL DIAGNOSIS OF PROTRUDE 

INTERVERTEBRAL DISK 

In our earlier woik on protiuded disks, the diagnosis was confirmed 
prior to operation by roentgenoscopic and roentgenographic 
of the spinal subaiachnoid space after injection of radiopaque oil 
accuracy of the detection or the exclusion of intiaspinal lesions by me< 
of this substance m the hands of the loentgenologists at the clmm 

3 Lo\e, J G Protruded Intervertebral Disk (Fibrocartdage), Pro 
Soc Med 32 1697-1712 (Oct) 1939 

4 Love, J G, and Camp, J D Root Pam Resulting from 
trusion of Intervertebral Disks Diagnosis and Surgical Treatment, 

Joint Surg 19 776-804 (July) 1937 
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high, gieatei than 90 pei cent Because of the fact that ladiopaque oil 
IS absorbed slowly from the siibai achnoid space, we dislike to use it in 
questionable cases, especiall}'’ if the patients are not to have an operation 
More iecentl}q we have employed an in diagnosing lumbai protiusions 
Air IS a great addition to oui diagnostic means because of its absoib- 
ability, but the obseivations made with it, according to Camp,“ do not 
compare favorably in accuiacy with those made by means of radiopaque 
oil 

If a study m which an is used (spmogram) does not leveal the defect 
of a piotruded interveitebial disk, it b)'- no means excludes the possi- 
bility that such a lesion exists Even roentgenoscopic examination of 
the spinal subarachnoid space aftei the introduction of iodized poppy- 
seed oil 40 per cent may fail to reveal a defect when a characteristic 
protiusion with its usual symptoms is piesent This failure may be 
due to an anatomic abnoimahty of the cul-de-sac, such as congenital 
shortening, or it may be due to the fact that the piotrusion lies too far 
laterally out m the foiamen of exit of the spinal nerve In 1 or 2 cases 
of our series it was impossible to explain the absence of a characteristic 
defect When all findings point to the pi esence of a pi otruded disk and 
when the diagnosis cannot be confirmed roentgenologicall}q we feel that 
we aie justified in advising an exploratory operation, for, in oui 
experience, this can be done without the sacrifice of any bone and with 
a risk of less than 0 5 per cent, and the accuracy of oui clinical diag- 
noses IS extremely high The following case history illustiates the point 

REPORT or A CASE 

A graduate nurse 25 years of age was suffering fiom intractable sciatic pain 
on the left side, which was aggravated bv movement, coughing, sneezing and 
straining Orthopedic examination by Dr Meyerding reiealed no cause of the 
se\ere pain Neurologic examination gave entirely negative results except foi 
tenderness along the course of the left sciatic ncr^e and inability to raise the 
kg, when held straight, more than 5 degrees from the horizontal Air studies 
md spinograms gave negative results Roentgenoscopic' and rcentgenographic 
examinations of the spinal canal disclosed no defect (fig 2), and yet the pain 
of which the patient complained was so characteristically rootlike in tj'pe that ve 
advised an exploration for a protruded disk The patient had six lumbar a ertebrae 
the last one of which was fused with the sacrum Since pain was on the left 
side, w^e knew that the lesion must be on the same side, and since watli true 
sciatic projection of pain the protrusion is most likeh to be at one of the last 
tw'o interspaces, w'e exposed the hgamenta flaaa opposite the last two interspaces 
on the left Immediately it was noted that the ligament between the fifth and 
sixth 1 ertebrae was abnormall} thick and fibrous M hen it was resected, edema 

5 Camp, J D The Roentgenologic Diagnosis of Intraspinal Protrusion of 
Inten ertebral Disks bv Means of Radiopaque Oil T ^ 113 2024-2029 (Dec 

2) 1939 
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of the ner\e root, characteristic of a protrusion of the underlying disk was noted 
(<ig 3) The fragmented and protruded portion of the disk (fig 4) was removed, 
with release of all pressure on the nerve root Immediate relief of all pam 



Fig 2 — Anteroposterior roentgenogram showing a normal configuration o 
caudal sac as outlined by radiopaque oil in a patient in whom a protruded 
lumbar disk was found and removed 



Fig 3 — Drawing representing the protruded disk which was 
operation in spite of the negative findings on roentgenologic study wit i ra 
oil illustrated in figure 2 



LOVE-WALSH— PROTRUDED INTERVERTEBRAL DISKS 461 


occurred, and sedatives and narcotics, which had been required in large doses 
pnor to operation, were no longer needed The patient left the hospital on the 
twelfth day after the operation and returned to her nursing duties three months 
later 


SURGICAL TECHNIC TOR PROTRUDED INTERVERTEBRAL DISK 

Every patient suffering from backache with or without “sciatica” 
IS not a subject for intraspinal investigation, nor is such a one neces- 
sarily to be suscepted of having a protruded mterveitebral disk Those 
who definitely need investigation to confirm oi disprove the suspicion that 
a protruded intervertebral disk is the cause of their symptoms are the 
patients who have what in the past has been considered as intractable 
backache and “sciatica ” 



Fig 4 — The darker structure represents the hypertrophied hgamentuin flavum, 
the brighter pieces of tissue are the fragmented protruded portions of the inter- 
vertebral disk removed at the time of operation 

There are many pains in the back and legs which respond satis- 
factorily and often promptly to rest, either partial rest or complete rest 
in bed, others require pliji-sical therapj'', with or without strapping or 
support to the back The moie severe conditions may be due to meta- 
bolic disturbances, tumors of peripheral nerves, intraspinal neoplasms or 
tumors of bone Poisoning with alcohol or the heai}’^ metals maj also 
lesult m “neuritis” which for a time may be difficult to elucidate In 
anj case, a careful and thorough physical examination with roentgeno- 
grams of the spinal column and pelvis should be made 

When a diagnosis of piotruded intervertebral disk is made and the 
surgical method of treatment is decided on, the operation should be per- 
formed h\ some one familiar with intraspinal surgery The large 
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protrusions that produce paitial or complete subarachnoid block are 
usually easily handled, but the smaller, more common protrusions are 
at times difficult to find even after they have been demonstrated roent 
genographicall}'-, and hemorrhage from the extradural vessels mai be 
extremely troublesome 

The anesthetic agent of choice is ether administered by the open drop 
method If there is any question regarding the patient’s thorax or upper 
respiratory tract as far as lecent infection or tuberculosis is concerned, 
we prefer to use pentothal sodium (sodium ethyl-l-melhylbutylthiobar 
biturate) mtiavenously oi spinal analgesia The patient is then placed 
on his side, instead of in the prone position which is usual for laminec 
tonnes \^hlh pentothal sodium injected intravenously or with spinal 
analgesia, the excursions of the thorax are so slight that it would be 
unwise to have the patient he thereon Because pentothal sodium acts 
quickly, the patient should be on the operating table, prepared and draped 
for operation, befoie the venipuncture is made and before administration 
of the drug is begun Suitable preliminary medication such as pento 
barbital sodium, morphine sulfate and scopolamine hydiobronnde in full 
hypnotic doses, given sufficient!}'’ early (befoie the patient is placed on 
the operating table) deci eases the amount of pentothal sodium that is 
required Some experience in administration of the drug is essential for 
smooth anesthesia ® The only untoward effect of such anesthesia is a 
slight increase m bleeding from the muscles of the back This is due 
to the well known vasodilating effect of pentothal sodium 

The operation may be done with the aid of paravertebral block, but 
in the majority of cases an anesthetic which blocks all sensory pathwajs 
m the lumbai region is to be desiied Most of the patients have ha 
about all the pain they can stand, and they do not enjoy multiple inser 
tions of a needle in the back , furthermore, when the involved nerve root 
is manipulated at the time of exposure of the protruded disk, considera e 
pain is produced even though the intradural poition of the nerve is batie 
in procaine hydrochloride Even under geneial anesthesia, it is 
uncommon for the the patient to move or tighten his muscles when 1 1 
nerve is manipulated Undei geneial anesthesia, however, there i^ 
amnesia for this pain In this connection we should like to recor 
interesting if unexplainable clinical observation A few days after ope ^ 
tion, gauze packs which have been placed along a nerve root at opera 
are removed One of us (Love) has observed that earlier, when 
used morphine sulfate in relatively large doses one half to three quar ^ 
of an hour befoie pulling the pack, the patient not only had excrucia 
pain while traction was being exerted on the gauze but was hey 

6 Adams, R C The Present Status of Intravenous 330 

Pentothal Sodium m Institutional and Private Practice, Canad M 
337 ('kpnl) 1938 
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complain of severe pain for a day or two thereafter Since the intro- 
duction of pentothal sodium, used intravenously for this purpose, the 
patient not only is not conscious of the pain at the time of removal of 
the pack but does not have pain after he awakens, although he may 
have become tense when the pack was withdrawn 

Operative exposure of a protruded disk should be as accurate and as 
limited as possible , however, adequate room for the removal of all frag- 
ments IS essential The articular facets and pedicles should be preserved 
No more bone should be removed than is absolutely essential for visuali- 
zation and removal of the protruded portion of the involved disk 
W'henever possible, a modified type of laminectomy should be employed , 
that IS, instead of the remoial of two or three pairs of lammas, the 
removal of a portion of one pair should suffice m most cases During 
the past several months it has been the practice of one of us (Love) to 
perform what has been designated as “partial laminectomy” , that is, no 
neural arch is interrupted Instead, the margins of the lammas are 
removed If there has been pain on one side only, the protrusion is 
typical and lateral and the ligamentum flavum is not markedly thickened 
on the opposite side , then, hemilaminectomy can be performed with satis- 
faction At times, owing to great thickening of the ligamentum flavum 
and a listing of the patient away from the side of the protrusion, the 
lesion can be removed without the removal of any bone It has been 
possible to remove the protruded disk m more than 20 cases without 
the removal of any bone from the spinal column Theoretically, the less 
bone removed, the stronger the back will be postoperative!}, and if at 
an} subsequent time fusion should be required, it can be done v ith greater 
ease if none of the spinous processes or lammas has been removed 
For removal of a protruded intervertebral disk the patient is hos- 
pitalized the afternoon before operation He is given a light supper, and 
before he goes to sleep, an enema of soap suds If the patient is in severe 
pain, morphine sulfate or pentobarbital sodium is ordered, so that a good 
night’s rest can be obtained The next morning, all food and liquids are 
withheld and the patient is given hypodermically % grain (0 01 Gm ) 
of morphine sulfate , on call to the operating floor he is given % 5 o gram 
(0 00043 Gm ) of atropine sulfate If the anesthetic is to be pentothal 
sodium, 1)4 or 3 grains (0 1 or 0 2 Gm ) of pentobarbital sodium is 
given on the evening before operation and is repeated on the morning 
of operation about one hour before the patient is called to the operating 
room On call to the operating room, morphine sulfate and scopolamine 
h}drobromide are administered hypodermically If ether is to be the 
anesthetic agent, morphine and atropine are the onh drugs gn cn on the 
morning of operation During the period of induction nitrogen monoxide 
and oxygen are used, then ether is administered AVhcn the patient is 
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asleep, an intratracheal tube ma}'- be inserted to facilitate easy, smooth 
respiration while the patient is lying prone ith the neck turned to one 
side The Magill intiatracheal tube is particular!)’- useful if the patient 
has a shoit thick neck 

After inseition of the intratracheal tube (this is done while the patient 
is still on a ward cart), the patient is placed on the operating table in 
the prone position The torso is supported by the shoulders and pelns, 
as this further facilitates breathing Two large rolled pillows are placed 
longitudinally on the table so that the upper ends extend beyond the 
shoulders and rest under the clavicle The lower ends of tliese pilloiis 
are crossed by a large flat soft pillow, which crosses the abdomen at 
the Ie\el of the iliac crests The latter pillow, by adjustment, can be 
used to help flex the patient’s back, a procedure which separates the 
spinous processes of the lumbar vertebrae and facilitates laminectom) 
The skin is carefully shaved, not only that portion in the region of the 
contemplated incision but also the skin of the entire back which might 
be covered by the postoperative dressing and adhesive plaster Tins 
is done not alone for aseptic reasons but also to avoid the discomfort 
attendant on iemo\al of the dressings, particularly adhesive tape 

The skin is then thoroughly washed with ether and then with alcohol 
Afteivard, two coats of tincture of merthiolate are applied The 
merthiolate should be used generously and wudely It is our feeling 
that wide application is good, for during any surgical procedure, par- 
ticularly in warm weather, perspiration is likely to soak through £ 
steiile drapes If a generous application of antiseptic is on the ston, 
there is less likelihood of contamination of the wound 

^Vhen the drapes are placed they should not be more than 1)4 
(38 cm ) to either side of the spinous processes, and only sufficient s m 
to accommodate the length of the proposed incision should be expose 
The incision is made straight in the midline extending across the tip 
of two spinous processes The muscles (erectores spinae) are renec 
from the bone (spinous processes and laminas) subperiosteally (fig 
This minimizes bleeding and trauma to the muscles and facilitates 
If the opeiation is to be a hemilaminectomy, the muscles need to^^^ 
reflected only on one side, however, if the wound is short, . 
retaining retractors work best if all of the prongs are at an equal ep^^ 
111 the wound, and then it often is advantageous to view the other s 
ot the ligamentum fla-vum, which may be hypertrophied and ma) t le 
fore require resection 

It IS not necessary to strip the muscles widely or to 
crosscut them The packing of gauze sponges between the bone a^^ 
the reflected muscles not only controls small bleeders but also irons ^ 
the muscles, so to speak, and when the self-retaining retractor is mser 
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it often IS surprising to see the large amount of exposure obtained While 
the gauze is packed in the depths of the wound, the cutaneous and sub- 
cutaneous bleeders which have been caught with points are electro- 
coagulated It IS nearly impossible to ligate these bleedeis, and catgut 
knots are not well absorbed when placed superficially in the back When 
the superficial bleeding has been controlled, the gauze sponges are 
removed from the depths of the wound and the Adson self-i etainmg 
laminectomy retractor (fig 5 d) is placed so as to hold the muscles 
away from the spinous processes and midportions of the laminas If 
a bilateral or partial laminectomy is to be done, the tips of the spinous 
processes are sheared off with a cutting forceps (fig 5 f) If the opera- 
tion IS to be a hemilaminectomy, none of the spinous processes is 



F'B S — Special instruments used in the removal of a piotruded intervertebral 
disk a Ochsner’s 6% inch (15 6 cm) mortis ;oint forceps, b, Adson’s curv^ed 
gouging rongeur, c, Adson’s laminectomy straight rongeur, d, Adson’s laminectomv 
retractor , c, Adson’s laminectomj chisel , /, double action Liston cutting forceps , 
'/ Love’s nerve retractor, and h, Grunvvald nasal ethmoid forceps 

lemoved At most, two spinous processes are sacrificed The portions 
ot laminas to be sacrificed are removed with a heav}' dutv^ bone-biting 
forceps or rongeur (fig 5 &) In a hemilaminectomy the lamina can 
be removed best with a straight single-acting rongeur (fig 5 t), as large 
instruments cannot be inserted between laminas The bone should be 
removed from around the ligamentum flavum so that the size, color, 
resistance and thickness of the ligament can be noted 

We feel confident that in the past manv abnormal ligaments have 
been remov'cd with rongeurs without their abnonnalitv having been 
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noted When the ligament is dissected free, it should be grasped with 
a forceps (fig 5 c) and then be resected as widely as possible in order 
to remove any of the usually thickened ligament which might compress 
the nerve root posterioily By this time, the enlarged, edematous, dis 
coloied and displaced nerve loot should have been visualized The 
involved nerve is frequentl)'- several times larger than normal, is reddish 
to purplish and is displaced posterioily and laterally or at times mesialh 
Retraction of the nerve root will reveal the characteristic posteriori! 
protruded fibrocartilaginous mass or piotruded disk The protruded 
portion should be removed extraduially, and even if the dura mater is 
to be opened for the removal of radiopaque oil, this should be postponed 
until the protruded portion of the disk has been removed There are 
three good leasons for this first, there is less bleeding, and it is more 
easily controlled if it occurs , second, there is less likelihood of trauma 
to the already injured nerve root if the cerebrospinal fluid is within the 
dural sac acting as a buffei and, thud, if one should accidentally open 
an inflammatory mass such as tubeiculous abscess, the meninges vould 
not be contaminated Pus on the outside of the dura mater is relativeh 
innocuous whereas pus m the subarachnoid space is likely to result in 


meningitis and death 

Many of the protruded bodies consist of completely fragmented fibro 
cartilage which has ruptured through the posterior longitudinal ligament , 
as soon as the involved nerve root is letracted (fig 5g) the frag 
ments need only to be picked from the wound Others are still held 
partly m check by the posterior longitudinal ligament, and this must 
be opened before the fragments can be removed At times the ligament 
is so thin that the bayonet forceps can easily be pushed through the 
dome of the mass, and then the protruded body is removed At other 
times incision of the portion of ligament that overlies the protiuded dis 
IS necessary A ureteral knife serves this purpose well Occasiona i 
the protruded body is calcified or ossified, and then it is necessary to 


use a curet or rongeur for its removal 

Rarely is it necessary to proceed transdurally in order to reino'O 
protruded disk Some midhne protrusions, which are relatively m r 
quent, particularly those which have produced a block and parapleg ^ 
are so large and have caused so much edema and enlargement o t ^ 
cauda equina on both sides of the spinal canal that they are best . 
transdurally The dura mater is incised posteriorly over the site ot ^ 
protrusion, the cerebrospml fluid is allowed to escape, and then the spi^ 
canal proximal and distal to the protruded mass is packed oft J ^ 
cottonoid strips This is done in case there is bleeding when the ^ 
mater is incised anteriorly The dura mater over the dome of the p 
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trusion IS then incised Again the piotrusion may have ruptured thiough 
the posterior longitudinal ligament, oi it may be necessary to incise this 
ligament before the protruded disk can be removed It is essential that 
all fragmented cartilage be removed The use of a nasal forceps 
(fig 5 h) facilitates the removal of small fragments that otherwise might 
be overlooked It is not necessary to suture the dura mater anteriorly, 
but the posterior incision should be closed with a continuous suture of 
fine silk 

If radiopaque oil has been used in confirming the diagnosis of a pi o- 
truded disk prior to operation, the radiopaque oil should be removed 
from the subarachnoid space before the wound is closed If the pro- 
truded body has been removed extradurally, the dura mater and arach- 
noid should be opened with a ureteral knife for a distance of 1 cm and 
the oil removed While the operation is being performed, the patient’s 
head and shoulders should be elevated, by lifting the head of the operating 
table, so that the oil will be collected m one mass at or near the site 
of the protrusion The oil is best removed by means of a suction appa- 
ratus which IS standard equipment in all neurosurgical amphitheaters 
Care should be taken lest one or more roots of the cauda equina be caught 
by the sucker tip This would result in unnecessary trauma and possibly 
in lesidual disability At times, removal of the oil may be facilitated by 
irrigating the subarachnoid space proximal and distal to the most 
dependent point, where the oil tends to accumulate, with physiologic 
solution of sodium chloride at a temperature of 100 F (37 7 C ) The 
saline solution is injected through a no 10 French urethral catheter 
by means of a bulb syringe Whenever possible, the opeiative wound 
should be closed without drainage The muscles (erectores spinae) are 
sutured together across the midhne with interrupted sutures of no 1 
chromic single-stranded catgut The fascia is sutured m a similar 
fashion The edges of skin are then approximated with a continuous 
silk or dermal suture Occasionally a better closure is obtained if catgut 
IS used to suture the subcutaneous layer, particularly if a long incision 
has been employed 

"Vt times bleeding fiom the extiadural vessels, particularly from the 
1 ems, IS troublesome and some special means is necessary for its control 
'^11 laiiiinectomy wounds should be dr}’’ before thei are closed, lest a 
postopeiative hematoma form and lesult in serious complications, such 
ns parahsis Often the simple expedient of placing a cottonoid strip 
on the extradural i essel and apph mg suction is sufficient to control the 
bleeding At times a small pledget of muscle oiitained from the erector 
spinae and applied to the bleeder suffices At other times bleeding can- 
not be controlled b\ an\ of these method'' The \cs^el iiiai then be 
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sought after and one oi moie silvei clips applied to obliterate its channel 
These vessels are often elusive, and considerable time may be lost vliile 
hunting for the bleeding point Coagulation of the bleeder with the 
electrosuigical unit is employed b}’’ some, but this method may result 
m injury to neaiby nerve loots The cuirent may “jump” to a nene 
loot, and this may not only injuie the neive root but also it is likeh 
to make the patient move because of stimulation of the muscle or muscles 
supplied b} the nutated neive root, this often increases the bleeding and 
obscures the suigical field In our evpciience the most satisfactory uaj 
to control extiadural bleeding is uith plain gauze 1 inch (2 5 cm ) wide 
The gauze is packed extiadurally against the bleeding vessel and then 
suction IS applied to a wet cottonoid strip placed over the gauze In a 
shoit time all bleeding ceases, then the cottonoid strip is removed, and 
the muscles are closed ai ound the gauze strip Such a gauze strip should 
not be disturbed for foi tj'-eight to seventy-two hours 

After the operation but befoie the suigical drapes aie disturbed, the 
skin near the incision should be washed with saline solution, and then 
a small gauze diessing moistened with alcohol should be applied o\er 
the line of suture, this diessing should be covered with a sterile soft 
absoibent (cotton) pad The drapes are lemoved, and then the dress 
mgs are securelj fixed m place wnth strips of adhesive tape 1 he tape 
should seal the uppei and lowei ends of the dressings to the skin, but 
the lowei stiip of tape should be kept as far aw'ay from the nata 
cleft as possible, to avoid contamination The center and sides of tie 
dressings, we feel, are best left unsealed This peimits air to get to 
the wound and allows evapoiation of perspiiation that forms undei tie 
dressing If the cutaneous edges lemain moist, they may macerate, an 
this would facilitate the development of infection 


POSTOPERATIVE CARE 


tnided 


The treatment of a patient following the lemoral of a pio 
intei vertebral disk is important, and we believe that it plays an iinpor 
tant role in the restoration of the patient to an active useful life w' ” 
a time that is consistent wuth good surgical judgment and well wk ^ 
the limits of the time required for convalescence fi om any major siirj,! 
procedure ^ ^ 

The patient is taken from the operating table to his looin on a siirgi 
cart Care should be exercised to prevent chilling of the patient v 
he is wheeled along the corridors or transported to another 
ele\'ator The bed to receive the patient should have been prepare ^ 
wanned Boards aie placed under the mattress to prevent saggai» 
the mattress and consequently of the patient’s back The patiea 
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placed in bed on his side, and pillows are placed against his back to 
prevent him from rolling backward onto his wound A competent nurse 
should be constantly in attendance until the patient is fully awake and 
able to cooperate Special nursing care is not required after the patient 
has legamed consciousness 

When the patient becomes conscious and begins to complain of pain 
in the back at the site of the operation, he is given morphine sulfate 
hypodeiinically to control the pain This should be repeated as often 
as every four hours for the first two or three days, if necessary By 
this time, it is usually unnecessary to use any analgesic strongei than 
acetylsahcyhc acid in doses of 5 giams (0 3 Gm ) each It should be 
emphasized that no sedatn^e should be given postoperatively until the 
patient is awake and is able to move his toes on command It is essen- 
tial that the patient’s ability to move his toes and to recognize touch and 
pain in his extremities be checked fiequently during the liist few days 
following operation If any diminution of this ability occurs, postopera- 
tive bleeding should be suspected, and the wound should be opened 
without delay If hemorrhage has occurred, its prompt recognition 
coupled with removal of the hematoma should prevent the persistence 
of weakness or anesthesia If a postopeiative hemoirhage is not recog- 
nized, peiinanent damage may result from compression of the spinal cord 
or cauda equina 

During the first forty-eight houis the patient is tuined ever}'' four 
hours by a group of nurses, but he is not allowed to lie on his back 
Piessure against the wound is avoided until it is healed (about ten days) 
After fort3'-eight hours the patient is allowed to tuin himself as often 
as lie desiies To he on one’s side foi four hours results m rather severe 
distress in the hips This is laigely avoided by permitting the patient 
to be turned when he becomes uncomfortable, in addition, the amount 
of sedatives required is kept at a minimum b}' sucli treatment The 
patient’s morale is impioved when he realizes hou much he can do 
alone Ai oidance of moiphine is to be desired Tlie patients are allow ed 
fluids after nausea has ceased and solid food as soon as desired, usuall} 
the next day On the moining of the third day a simple soap suds enema 
IS usually given Caie should be taken to a\oid contamination of the 
dressing at the tune of e\acuation of the bowel paiticularh if the opera- 
tion was foi lumbosacral protrusion in w'hich the dressing of necessit\ 

IS placed low' on the back and near the nates If the dressing should 
accidentally be soiled, it should be changed iinmcdiateh and the wound 
should be painted w ith an antiseptic solution to a\ oid contamination 

The patient from whom a proti tided disk has been rcinoced without 
the leiuotal of an\ bone is allowed to stand beside the bed or go to the 
Inthroom the da\ following opeiation if unable to toid King m bed 



470 


ARCHIVES OF SURGERY 

Those \vho have suffered interruption of continuity ot a neural arch 
or manly are cathetenzed after operation and every eight hours there 
a er unable to void after three days of intermittent catheterization, 
an in ymg urethral catheter is employed for continuous drainage until 
le patient is up and around, usually the tenth to twelfth day The 
cutaneous sutures are removed on the tenth postoperative day, and the 
patient usually leaves the hospital by the twelfth day 

PROTRUDED INTERVERTEBRAL DISK AND FUSION 

A few years ago patients who were being treated for protruded 
intervertebral disks were having bone grafting or fusion operations 
perfoimed Today such operations are comparativel}’^ infrequent 
aturalh , the question arises as to ivliether or not fusion should he 
performed at the time of removal of the protruded disk 

Theie are certain definite indications for fusion on which orthopedic 
surgeons aie agreed, there are conditions in which fusion is open to 
question, and there aie conditions in which it is definitely contramdi 
cated It IS oui feeling that the patient should be considered individually 
an that treatment should be adapted to the particular indications which 
are presented in his case 

The patient who has a protruded disk and well developed spondylo 
ist lesis should have fusion performed at the time of removal of the 
protruded disk The patient who has associated spondylolysis probably 
s ould have fusion done at the time of surgical removal of the protruded 
IS c The patient wdio has extensive lumbosacral arthritis and a static 
type of backache m addition to a protruded disk and its resultant symp 
toms probabl}'’ should have fusion done at the time when the protruded 
disk IS removed 

How’^ever, fusion will not be found necessary or indicated m a high 
percentage of cases The orthopedic surgeons of the clinic, Henderson, 
Meyerding, Ghormley and Macey, who see with us in the neurologic 
ancl neurosurgical departments every patient suspected of having a pro 
tru ed disk, have found it necessary to fuse the spinal column m only 
of more than 500 operations foi protruded intervertebral disk 
Fusion not only is not indicated but is definitely contraindicated m 
m^y such cases F or the young person who has not reached maturity 
and rvhose bones are still growing, bone grafting of the spme is not 
or manly undertaken We have removed protruded disks from severa 
patients who w^ere m their middle teens For those of advanced years- 
usion or any^ other surgical procedure which would require a piolonged 
period of immobilization m bed is contraindicated We have success 
u y removed protruded disks from many wdio were in their late sivtie 
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and earh se\enL!es These patients usualh ha\e been allowed to get 
out of bed fi\e or six dajs after operation m order to a\oid oulnionaiw 
cxiTipIications , this, of course, could not be allowed if fusion were 
performed 

EVOLUTIOX OF THE TECHXIC FOP REMOtAL OF PPOTRUDED 
IXTER%'ERTEBRAL DISK 

Earlier in our expenence with the surgical treatment ot protruded 
inten ertebral disk a comparativeh extensi\e and time-consuming opera- 
tion was performed It seemed necessan to ha\e a wide exposure 
of the mtolved nerwe root and protruded disk Usual!} two and often 
e\en three pairs of laminas ttere resected Cfig 6) a procedure which 
IS commonly empIo}ed for the remotal of mtraspmal neoplasms From 
the first, howe\er we have maintained that the articular facets should 
be presen ed. As our expenence with this lesion increased we found 
that the sacrifice of one pair of lammas sufficed to expose the imohed 
nene root and the underlymg protruded body (fig 7) \\'& then modi- 

fied the operation and performed a hemilammectom} of one vertebra 
in cases of unilateral protrusion with unilateral symptoms (fig 8) This 
operation was then modified and became what we call a partial laminec- 
tomy, name!} remo\aI of only the margins of the lammas without 
interruption of a single neural arch (fig 9) On Dec I 1938, while 
we were carrv mg out an operation planned as a hemilaminectomy for a 
patient v ho had comparatit ely marked scobosis tow ard the side opposite 
the lesion, we found that the protruded portion of the disk could be 
removed without the removal of an} bone (fig 10) No portion of the 
neural arch or spinous process w as sacrificed ' By resecting the h} per- 
trophied hgamentum fiainim — such h}pertrophy is an almost constant 
accompaniment of protruded disk — adequate exposure for removal ot 
the iragment cartilage v as obtamed After such an operation the roent- 
genograms of the spmal column appear exactly the same as those made 
pnor to operation In the illustration a sil\er clip placed m the center 
of the disk at the time of remo\al of the protruded part of the disk 
indicates the site of removal and confirms the statement that the spinal 
canal was entered wnthout the removal of an} bone (fig 11) Such 
2JI operation requires a ^er} short inasion (fig 12), a minimum of 
trauma to the muscles and a short penod of anesthesia and permits 
the patient to be up and around in a much shorter time than otherwise 

ould be necessar} The shortemng of the penod in the hospital is a 
boon to the patients morale and ramimizes the economic strain that 

7 Love, J G Protruded Interverteb-al Disks -mth a Note Regarding Hiper- 
trep-" of Ligamenta Flava, J A ^ 113 2029-203-! ("Dec. 2) 1939 
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hospitalization entails in the majority of cases Patients ^\Ilo ha\e no 
bone lemoved can be allowed out of bed the day after operation a 
distinct advantage paiticularly for elderly and obese patients 

In a small percentage of cases a fusion operation is indicated at the 
time of lemoval of the piotiuded disk Pieservation of all laminasand 



Fig 6 — Drawing representing certain steps in the course of a classic 
toms m vliich two spinous processes and two pairs of laminas hare been sacn c 
to expose a protruded intervertebral disk 



spinous processes gives the orthopedic surgeon a much better and foa 
field for anchoring of the bone graft This is particularly 
cases of spondjdohsthesis,® for which a double bone graft is a 'i- 

8 Meierding, H W Spond>do]isthesis as an Etiologic Factor m 
T ^ Af A 111 1971-1976 (Ko\ 26) 1938 
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Fig 8 — Drawing of a protruded inter\ertebral disk e\posed by hemilaminectomy 
The spinous process and the lamina of the opposite side are preser\ ed 



Tig 9 — Dra\Mng of a protruded inter\ ertebral disk exposed b^ partial laminec- 
tonn, a procedure in uliicli no neural arch is completeh interrupted 
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Fig 10' — Drawing showing the removal of a protruded intervertebral dis 
without laminectomy and without removal of any bone a, resection of the byp6|' 
trophied ligamentum flavum, b, exposure of the protruded portion of the diSi 
and c, restoration of the spinal canal to normal size and shape after the protru e 
part of the disk has been removed 



Fig 11 Anteroposterior roentgenogram showing e\idence of ivas 

siher clip in the center of the lumbosacral disk from which a protrude 
removed without remo\al of anj bone 
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RECURRENCE OF PROTRUDED INTERVERTEBRAL DISK 

When a protruded inteiA^ertebral disk has been removed, does further 
fragmentation and protrusion of that disk occur ^ This question has been 
asked many times When we first began to remove protruded interverte- 
bral disks in large numbers we asked ourselves that same question That 
further protrusion would occur, particularly if the patient subjected his 
back to unusual stress or strain, seemed likely since the entire disk is 
never removed Only those parts of the disk that are fragmented and 
lying more or less free from the mam bulk of the disk are removed at 



Fig 12 — Photograph of patient two weeks after operatne removal of a pro- 
truded disk, to show the small incision which is required 

operation Nature is kind to human beings, and she is most beneficent 
to those ivho wield the scalpel If she were not, most operations on 
the colon would be fatal, patients having tonsillectom}'^ would bleed to 
death, and all patients subjected to operative removal ot intervertebral 
disks would return with recurrent sjmptoms If nature is given a 
chance, she wnll heal o\er the raw surfaces left by the surgeon and the 
resultant healed wound often wnll be stronger than the original tissue, 
the continuity of w Inch w as se\ ered b) the surgeon 

To be sure, the surgeon should do his utmost to leaie nature unhandi- 
capped in her endeaior, and he should warn his patients of the pitfalls 
into which thev maj stumble The patient who has had a protruded disk 
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lemoved should be specifically nisti ucted as to what he must not do until 
sufficient time has elapsed for firm healing to have taken place It is our 
practice at the time of dismissal of such patients to advise them to do 
no lifting or straining for a period of thiee months from the date of dis 
missal They are advised not to carry their luggage, move furniture 
about the house oi lift childien or an}' object likely to put stress on the 
back They aie told not to dance or play golf Clerks and those 
employed m scdentaiy occupations are advised not to return to work for 
three months It has been found that even a swivel chair becomes 
uncomfoi table w hen occupied for six to eight hours by a patient recenth 
operated on If the patient i etui ns to work too soon, he is likelv tohaie 
vague aches and pains, and soon he indulges in self pity, which is accen 
tuated by overzealous friends and anxious relatives In time he ma) 


even assume that he has obtained no relief from his operation and that 
his condition is just as poor as, or even worse than, it was before the 
operation 

It is particularly impoitant to wain day laboreis, truck driveis and 
others who are accustomed to hard manual work to retui n to their former 
duties gradually Such peisons must regain confidence in their abiht) 
to carry on This is especially true if compensation or insurance is 
involved If the patient has gone for a long time without the true nature 
of Ins disability being recognized, and if he has been considered by some 
to have a post-traumatic neuiosis or even to be a malingerer, he shoul 
be given special consideration and reassurance until he has been reedu 
cated and shown that he can carry on m a normal way 

In spite of oui best efforts and the giving of sound advice based on 
our knowledge of anatomy, physiolog}', pathology and psycholog) n”' 
our considered clinical judgment, some patients will claim that thev hare 
not been benefited by treatment Others will state that they were better 
or even completely relieved for a time but that, without any violation 
of professional advice, the symptoms i eturned A few will return ) ear 
afterward and relate a history of having been completely free of pa'” 
follownng operation until on a particulai day when unusual stress o 
strain was applied to the back For instance, this incident might 
been followed by backache which rapidly developed into all the sympto 
for relief of which the original operation had been performed, or at ^ 
time of straining of the back all symptoms might promptly have return 
Of course, there is no reason why another intervertebral disk coul a 
protrude, and this is particularly true in the light of our relatively 
incidence (approximately 10 per cent) of multiple protrusions foun 
the time of the original operation However, our experience lea 
to conclude that if there is a recurrence of symptoms due to a protn 
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inten ertebral disk, it is most likely due to furthei protrusion at the site 
of the original protrusion In more than 500 operations for protruded 
intervertebral disks, we have encountered only 5 lecuirences, in all 5 of 
which the disk which was the site of a piotiusion at the time of the 
original operation was again involved 

The first case of recuirence was reported in the Ptoctcdings of the Staff 
Meetings of the Mayo Chitic ■> Relief w'as obtained following the lemoval of a 
laige protruded portion of the fourth lumbar disk How'ever, tw'o months after 
the patient’s return home he began to have a recurrence of his old symptoms, 
following a head cold Whether or not he had bronchitis and cough is not known 
Shortly thereafter, the sciatic pam became markedly exaggerated while he w'as 
carrjing some pails of water He was operated on a second time seven months 
after the original laminectomy, and a large amount of protruded fibrocartilage 
w'liich came from the fourth lumbar disk was removed, wnth relief of his sjmptoms 
After that experience, more care w'as taken in searching for additional fragments 
of the disk, particularly fragments still remaining within the center ot the disk 
It seemed desirable not to curct the disk and cartilaginous plates attached to the 
vertebral bodies or to use a strong bone-cuttjng instrument within the disk In 
looking around for a suitable instrument to pick up fragments from the space 
between the vertebral bodies, one of us (Love) discovered that the rhmologist’s 
nasal punch was admirably suited for this work (fig 5 h) Often, after all 

fiagments seem to be removed, this instrument will enable the operator to bring 

out one or more additional free fragments from within the disk Naturally, if 
tl ese fragments are not removed, a recurrence can be expected 

The second case of recurrence w'as that of a man who had had a protruded 
fragment of the fourth lumbar disk remov'ed Feb 7, 1938, it had caused intractable 
left sciatic pain, which had confined him to bed and had resulted in great loss 
of weight Removal of the protruded portion had afforded immediate and 
complete relief In May 1939, while fishing, he turned around in a boat to pick 
up a minnow bucket and was suddenly seized with pain low m the back and 
along the distribution of the left sciatic nerve The pain was so severe that he 
W’as returned to our care on a stretchei Roentgenoscopic examination of the 
spinal canal after injection of radiopaque oil revealed evidence of partial obstruc- 
tion , the shadows were not characteristic of any particular lesion , that is, it 

could not be stated whether stoppage of the oil was the result of adhesions at the 

site of the old laminectomj or of a space-occup) mg lesion such as protrusion of 
the disk In view of the nature cf the sjmptoms and the characteristic root tvpe 
ot pain, operation was advised On Aug 17, 1939, a large protruded fragment 
of the fourth lumbar disk was removed, with complete relief of sjmptoms 

The third case of recurrence was that of a man 47 vears of age He first 
registered at the clinic on March 24, 1937, when he was 45 vears of age At 
that time he complained of intermittent backache and Iclt sciatic pain of five 
Vears’ duration The patient's svmptoms had stalled in the winter of 1931-1932, 
when he had first noted left sciatic pam which could not be attributed to am 
specific cause In Januarj 1937 the pam became more severe, and from then on 

9 Love, J G Recurrent Protrusion of an Intervertebral Disk, Proc Staff 
Meet, Mavo Clin 13 404-408 (Tune 29) 1938 
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he was unable to work until after treatment at the clinic Usually there was 
considerable aggravation of the pain around 4am The backache was aggraiated 
by standing up and by riding m a car 

E'.amination showed a listing of the patient toward the left, and all spinal 
motions were limited There was tenderness over the lumbosacral area The 
right leg was about 3 inches (7 5 cm ) shorter than the left, owing to an old 
fracture of the tibia This was compensated for by use of a higher heel on the 
right shoe Neurologic examination revealed that both achilles reflexes ivere 
normal Examination of the spinal fluid revealed a total protein content ol 
SO mg per hundred cubic centimeters 

A clinical diagnosis of protruded intervertebral disk was made, and a stud) 
was performed with radiopaque oil Examination by Dr Camp revealed a defect 
typical of protruded intervertebral disk at the fourth lumbar interspace Lami 
nectomj was performed, and a midline protrusion of the fourth lumbar disk was 
removed The laminectomy consisted of removal of the spines and laminas ot 
the third and fourth lumbar vertebrae and part of those of the fifth Extradura 
exploration revealed no evidence of protruded intervertebral disL The dura was 
incised, and much edema and matting together of the roots of the cauda equina 
oxer the fourth intervertebral space were detected The roots were separate , 
and there was a classic midline protrusion of the fourth lumbar intervertebral dis 
Incision of the dura mater permitted escape of a large fragment of 
following which the canal was normal in size and shape Because of s iS 
oozing, a muscle pledget was placed in the dural incision for hemostatic purposes 
1 he dura was closed with continuous sutures of silk A piece of folded mem rane 
was placed over the line of suture The wound was closed in the usual manner, 


and one Penrose dram W'as used 

The patient was kept in bed for thirteen days folloxving operation H 
convalescence was uneventful, and at the time of dismissal he was compe e^ 
relieved of pain Postoperative neurologic examination gave negatne resu ^ 

The patient returned Aug 16, 1939 He stated that he had been well, 
experienced no pain and had walked without aid and without abnormality, o 
mg his operation, until July 31 On that day he turned to his left an ea^^^ 
over tow'ard the floor to pick up a package Before he could pick it uP ^ 
st'zed wuth a sudden severe pain which started in the left buttock and o o 
the distribution of the sciatic nerx'e dowuiward to the heei Since that ti 
pain had been severe and constant At times the left leg became num 
there had been no noticeable change in its strength There were no s)mp 
referable to the right leg He stated that w'hereas prior to his first 
pain was more severe in the back than in the leg, since the recurrence o 
in July all the pain had been in the leg and there xvas no pam m 


Conservative treatment had been tried at home without relief ^ 

Examination by Dr Ghormley revealed obliteration of the lumb^ folo'''^ 
w ith a list to the right All spinal motions w ere limited 50 per cent 
examination rexealed slight diminution of the leit achilles reflex The 
Lasegue signs xvere present A diagnostic spinal puncture and a 
at the same time on August 17 revealed no air below the fourth lumbar i 
The total protein content xvas 45 mg and there xvas 1 lymphocy^ ghorm 
adxised that the old site of laminectomy be explored in association xvith [,» 

ley , xx'ho felt that in x lexv of the recurrence of symptoms a bone gra t 


performed 
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On August 21 we opened the old wound, dissected the scar tissue away and 
palpating opposite the fourth interspace found a mass At first w'e could not be 
certain whether this represented scarring or recurrent protrusion of the disk 
When the nerve root w'as retracted, there was classic evidence of protrusion of 
the disk, and when the posterior longitudinal ligament, or whatever had developed 
to take its place, was incised, a huge fragment of cartilage was removed, this 
was one of the largest that we have ev'er seen When this was removed, there 
was a large cavity between the vertebrae After the disk had been removed, a 
graft, which had been taken from the left tibia and divided into two pieces, was 
placed by Dr Ghormley from the third lumbar to the second sacral vertebra 

The fourth case of recurrence was that of a woman 39 jears of age, who had 
right sciatic pain On March IS, 1937, laminectomy was performed with removal 
of a protruded portion of the fourth lumbar disk by resection of the spines and 
laminas of the fourth and fifth lumbar vertebrae The patient returned in June 
1939 and stated that following the operation in 1937 she had not had further 
backache or sciatica until February 1939, when she began to have mild aching 
pain in the right buttock and lower lumbar region Six weeks prior to this 
admission there was a sudden onset of pain low in the hack with extension of 
the pain to the right thigh and external surface of the right leg The pain was 
worse on coughing and sneezing, but there was no pain at night 

The results of examination were negative The achilles reflexes weie normal 
There was no Kernig sign, and there was no sensory disturbance to be detected 
objectively, however, the patient complained of paresthesias over the lateral aspect 
of the right thigh and leg The patient was seen in consultation by Dr Meyerding, 
who advised that a corset be used for support and that physical therapy be employed 
over the lower part of the back We told the patient and her husband that if 
the symptoms did not subside further surgical work would have to be considered 
She returned after a thorough trial of physical therapy, which included hot baths, 
and stated that instead of her condition becoming improved, it had become worse 

On August 22 the old wound was opened, and underneath the nerve root on 
the right side was a classic example of recurrent protrusion of the fourth lumbar 
disk One huge fragment and several smaller fragments were remov ed, after which 
there was no pressure on the cauda equina Dr Meyerding then proceeded with 
a bone graft An osteoperiosteal graft 2 inches (5 cm ) long and 1 inch (2 5 cm ) 
wide, taken from the left tibia, was sutured over the exposed dura and the outer 
lajer of the periosteum toward the dura mater, and multiple bone chips were 
placed along the course of the graft A double bone graft taken from the left tibia 
was sutured so as to bridge the third, fourth and fifth lumbar vertebrae and upper 
two segments of the sacrum Cancellous bone removed by use of a curet was 
packed around it Arthrodesis of the facets of the third and fourth lumbar v ertebrae 
was performed on both sides 

The fifth recurrent protrusion was encountered in a man 29 years of age On 
June 17, 1937, transdural removal of a large portion of a lumbosacral disk which 
protruded m the midline was effected Prior to this the patient had had backache 
and “sciatica” mtermittentlj for eight jears After operation he was conipleteh 
relieved until Sept 19, 1939, when, after heavj' lifting he noted that a sudden 
sneeze gave rise to pain in the lower part of the back The pain graduallv became 
worse and within five davs extended down along the course of the sciatic nerve 
On October 4 another large protruded portion of the lumbosacral disk was removed 
cxtraduralh, and then a graft was taken from the tibia and applied to the spme 
It extended from the third lumbar to the second sacra! spinous process The latter 
procedure was performed bj Dr Ghormlev 
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II d lecurrence is encountered, how should it be handled^ Should it 
be treated as i£ it were the original lesion, or is there anything wliidi 
one can do to ple^ent fuither recuirences^ This cannot be answered 
dogmatically and without i eservation W e believe that each case should 
be consideied as an individual problem and that the final conclusion about 
the inattei should be reached only after all factors have been considered, 
such as the pi esence oi absence of congenital anomalies of the back, the 
extent ol the original laminectomy, the degree of lelief following the first 
opeiatiop, vluthei or not there was some residual static backache, the 
tvpt nt i k to be done b}^ the patient, his build, his age, his general con 
dition aiid ihi eause of the recurience, if any Doubtless, in some of the 
eases in v huh a leeunence occurs fusion will be required, in others an 
excellent ii iit \m 11 be obtained from removal of the piotruded portion 
of the di' V u iihout fusion We cannot, of course, be certain that a spina! 
bone gr lU ur fiiMon will prevent furthei trouble Certainly, if the patient 
has a we il li u k mtei nal fixation m the form of a bone graft is desirable 
Of the 5 cases ot reemrent protrusion which we have encountered, 
m 3 fusion (a hone giaft obtained fiom the tibia and applied to the 
back) vas pciloimed at the same time that the recun ent protrude 
body was remored In the othei 2 cases simple removal of the protrud 
fibiocartilage ga\t lelief It is too eaily ^et to know the answer 
regaiding lecurrent protiusion, even m these 5 cases, for, at the time 
of tills wilting, 1 of the patients is still in the hospital 


RESULTS or OPERATIVE REMOVAL OT PROTRUDED DISKS 

In medicine and surgery it has become customary to repoit 
as based on “five yeai cuies,” and we beher'e that tins is a 
Il tends to avoid undue enthusiasm foi any so-called new 
thei apy Since most of our patients have been operated on wit im 
last five yeais, it is too early to know what the ultimate results 
This IS particularly true m evaluating results in groups of patients w 


illness IS characterized by remissions 


obtained 


To date -we are gratified rvith the lesults wdnch rve have 
in this large group of 500 patients, most of ■whom had suffered or n 
years from intractable backache and sciatic pain Craig and 
in reporting on “the present status of the protruded disk syn ro 
before the International Congress of Neurology held m 
Denmark, in August 1939, made the following statement ^ ^iipon 
any”^ operative procedure the amount of relief obtained depen 
certain factors, among \vbich are the accuracy of diagnosis, the ope 
procedure, the postoperatne care, the duration and severit\ o 


10 Craig, W ]McK , and Walsh M N Unpublished data 
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the patient’s susceptibility to pain, medicolegal questions, settlement of 
compensation and last, and veiy impoitant, the patient’s leaction to his 
disability ” 

When we come to analyze our data on the basis of five year cures, 
we shall find it, therefoie, an extremely difficult problem, for today, 
unfortunately, the questions of liability, compensation and insurance 
loom large on the horizon and add complications compounded to an 
already knotty problem Theie have been only two hospital deaths m 
our entire series of cases in which opeiation was performed One death 
was reported m The Journal of the Amencan Medical AswciatioiA^ 
The subsequent death was due to bilateial suppuiative parotitis, which 
became fulminating and extended to involve the mediastinum as 
mediastmitis The patient’s wound was already healed, and he had 
been relieved of the severe sciatic pain for which the opeiation was 
pel formed 

A short resume of a case will serve to illustiate how disabling pio- 
tiusion of a disk can be what the usual symptoms and signs are and 
what can be expected after surgical removal of the piotiuded body 

A patient 17 years of age was W’ell until two months prior to operation when, 
while swimming, she experienced pain low in the back The next dav she was 
unable to straighten up Within a few' days mild paresthesias occurred on w'alking 
At times there was radiation of pain down the posterior aspect of both thighs 
to the knees and occasionally to the right ankle and instep The pain was exag- 
gerated by spinal motion, attempts at straightening the back, laughing and coughing 
Tain at night occasionally disturbed her sleep The patient’s maternal aunt had 
had an operation in the thoracic region of the spine for "tumor,” and a suboccipital 
ciamotomy had been performed eight years previously, elsewhere for siiingonneha 
This aunt was becoming paralyzed m her feet and was staggering a great deal 
when she w'alked Possibly this unfortunate experience of the aunt, together with 
the absence of definite objective evidence of involvement of the central ncr\ous 
sjstem, had led to a diagnosis elsewhere of hysteria in the case of the niece 

On examination at the clinic there W'as a marked list of the patient s bod\ 
toward the left with increased prominence of the right hip and scoliosis (fig 13) 
Percussion of the right sacroiliac region caused severe pain All spinal motions 
were painful, and forw'ard bending of the head on the chest caused pain in the 
back Kernig’s sign was present and the achilles reflex w'as absent on the right 
Roentgenologic examination of the lumbar and sacral portions of the spine ga\e 
negatue results A diagnostic spinal puncture, made through the second lumbar 
interspace, reiealed no e\idence of subarachnoid block Howcier, there was a 
total protein content of 90 mg per hundred cubic centimeters of spinal fluid, md 
the globulin test ga\e a positne result At the time of diagnostic puncture or 
"as injected into the subarachnoid space in order to localize a suspected int^'a- 
spmal lesion The films re%ealed a defect in the column of air at the lourth lumbar 
interspace 


11 Loie, J G, and Walsh If N Protruded Inten crtebral Disks Report 
of One Hundred Cases m Which Operation as Pcriormed T A. \ 111 
'%-400 (Tuh 30) 1038 




Fig 13 — Preoperative photograph of patient , the severe listing of the bodj 
and the scoliosis secondary to protrusion of a lumbar intervertebral disk are eiident 



Fig 14 — Photograph of patient shown in figure 13, taken fifteen 
remo\al of a protruded portion of the fourth lumbar disk, the wound is 
and the scoliosis which had been present prior to operation has disappeaic 


482 


LOVE-WALSH— PROTRUDED INTERVERTEBRAL DISKS 483 


Partial laminectomy was performed, and after lesection of an abnoimalh thick 
ligamentum flavum at the fourth interspace, a large protruded fragment of the fourth 
lumbar disk was removed extradurall}' Part of the large fragmented cartilage 
was removed on the right side and part on the left The ligamentum flavum at the 
fifth space was abnormally thickened also, and it was resected, but the lumbosacral 
disk was normal The dura mater was not opened The wound was closed in 
layers without drainage 

The patient received immediate relief from pain, and at the time of dismissal 
from Our care, on October 27, fifteen days after removal of the protruded portion 
of the disk, her wound was well healed, her spine was straight and her condition 
was excellent (fig 14) 

PATHOLOGIC CHANGES OBSERVED IN THE HYPERTROPHIED 
LIGAMENTUM FLAVUM 

Since a very definite change is almost constantly seen in the hga- 
mentum flavum that overlies a protruded disk, it is necessary that some 
consideration be given to this structuie whenever the subject of 
protruded disk is discussed From the beginning of our work on disks, 
we have noted various abnormalities of the ligamentum flavum The 
changes usually consist of marked thickening, increased firmness and 
decreased elasticity On being cut, the ligaments impart an entirely 
different type of resistance from that encountered in the resection of 
normal ligamenta flava Their cut surfaces appear whitish gray rather 
than yellow 

Dr Dockerty, of our department of pathology, has interested himself 
in these structures and has favored us with the following preliminary 
report of his observations What aie the pathologic changes observed 
in cases of so-called hypertrophy of the ligamentum flavum? The 
present study is far from complete as regards both surgical material and 
normal controls selected from the various age groups On the other 
hand, certain definite changes seem to occui so consistently that we feel 
justified m recording them m this preliminary report 

Grossly, the affected ligaments are thicker than normal , they measure 
4 to 6 mm in cross section as against an established normal of from 
2 to 5 mm The cut surface, instead of being homogeneously yellow, 
reveals, in a typical case, white bands running throughout Micro- 
scopically, the changes, seen best with special stains for elastic tissue, 
are as follows 

1 Fragmentation, usually longitudinal, of the elastic tissue fibrils 
The ends of these frayed fibrils often appear shriveled 

2 Replacement of damaged fibrils by a more primitive type of 
mesoderm, namely, fibrous connective tissue In many instances the 
latter is present in the form of wide bands that run throughout the 
length of the affected ligament 
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3 Blood vessels are few, and those present are small in caliber as 
a result of the hyaline substance which is deposited within their walls 
and which replaces the musculans This finding leads one to wonder 
whether vascular damage as a result of trauma may not explain the other 
changes obser\ ed In three “normal” controls studied to date, vascular 
changes were not noted, and the ligaments had none of the alterations 
noted microscopically 
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This papei is a renew of the literature dealing with xanthoma 
and of the cases observed at the Mayo Clinic and an attempt to aiine 
at certain definite conclusions by which this lesion can be properl}' 
classified Owing to the histologic similarity of the synovial membiane 
of the tendon sheaths and that of the joints,^ it was felt that growths 
involving both these structures should be consideied Othei types of 
solitai}' xanthoma occur in bone and m subcutaneous tissue, but they 
will not be discussed in this paper An effort has also been made to 
lefram from any refeience to the general subject of the xanthomatous 
diseases except when it is necessaiy as an aid m establishment of the 
true nature of these solitary tumors 

HISTORICAL REVIEW 

The first reference in the literature to the group of conditions now 
listed under the general heading of xanthoma was by the Fiench 
dermatologist, Rayer ^ In 1836 he described under the name plaques 

From the Section on Surgical Pathology (Dr Broders) and the Section on 
Orthopedic Surgery (Dr Ghormley), the Alayo Clinic 

Thesis submitted by Dr Galloway to the Faculty of the Graduate School of 
the University of Alinnesota in partial fulfilment of the requirements for the degree 
of Alaster of Science in Orthopedic Surger 3 ' 

1 Piersol, G A Normal Histology, with Special Reference to the Structure 
of the Human Body, ed 15, edited by W H F Addison, Philadelphia, J B Lip- 
pincot Company, 1932, pp 63 and 75-76 Bremer, J L A Tevt-Book of 
Histology Arranged upon an Embrj ological Basis, ed 5, Philadelphia, P Blakis- 
ton’s Son &. Co , 1936, pp 90-91 and 120 

2 Cited by Rowland, R S Xanthomatosis and the Reticulo-Endothelnl 
Sj stem Correlation of an Unidentified Group of Cases Described as Defects m 
Membranous Bones Exophthalmos and Diabetes Insipidus (Christian’s S^ndrome), 
Arch Int Aled 42 611-674 (Nov) 1928, cited by Gruenfcld, G, and Seeng M G 
The Nature of So-Called Xanthoma A Critical Renew, Arch Path 17 546-573 
(April) 1934 
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jauiiatics des pmipthes those yellowish eruptions usually located on 
the e^ellds but occasionally found m other parts of the skm and at 
present commonly spoken of as xanthoma palpebrarum or xanthelasma, 
the latter being a term proposed by Wilson ® in 1863, meaning yellow 
plaques 

Lebert,^ m 1845, first introduced the term xanthoma and attributed 
the color of the tumor to a peculiar sort of fat, to which he gave the 
name xanthos He w as followed in 1869 by Smith,® who again suggested 
the name xanthoma and spoke of the tumor-like appearance of the 
\ ellow nodules Lebert ^ recognized these tumors as benign and differ 
entiated them from similar fibrous tumors, especially from sarcomas 
In 1851 Addison and Gull ® described 4 cases of xanthoma associated 
with hepatic disease and jaundice, a condition at present designated 
by the teim xanthoma multiplex, and 1 case of xanthoma associated 
with pancreatic disease, now known as xanthoma diabeticorum They 
mentioned invoKement of the tendon sheaths of the fingers in 1 
cases Involvement of the tendon sheaths was cited also by Fox jn 
by Carry ® in 1897 , this was referred to by Fox as the “gout form o 
xanthoma 

Tendon Sheaths —IS,S2 to 1890 According to Giuenfeld and 
Seelig,' Beekman,® King " and Ragins,^® the first description of solitary 
xanthoma of the tendon sheaths was published in 1852 by Chaissaig 
nac,^^ who described a nodular lesion on the index and middle 
of the right hand, and the second was given in 1857 by Spencer e 

3 Cited by Rowland, R S Xanthomatosis and the Reticulo-l^doth 

System Correlation of an Unidentified Group of Cases Described as 
Membranous Bones, Exophthalmos and Diabetes Insipidus (Christians yn 
Arch Int Med 42 611-674 (Nov ) 1928 g 

4 Cited by Garrett, C A Tumors of the Xanthoma Type, Arch n S 
890-907 (May) 1924 

5 Addison, T , and Gull, W On a Certain Affection of the jg 5 } 
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6 Cited by Thannhauser, S J , and Magendantz, H The Case'- 
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Ann Int Med 11 1662-1746 (March) 1938 ^ 
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who described a similai tumor of the index fingei Tourneux,^® m 
1913, aftei a leview of all the previously reported cases in the liter- 
ature, classified the growths as fusocellulai sai comas Since opinion 
IS divided as to their true natuie, they have been classified and listed 
in this paper as probable and not true xanthomas of the tendon sheaths 

It was noted by Paget* in 1853 that the yellow tumors may be 
found m such places as the subcutaneous tissues, the eyelids, the con- 
junctiva, the cerebral membianes, the breasts and the uterus but that 
they are especially connected with bone In addition, Paget sketched 
the pathologic picture of these tumois, describing large oval pigmented 
cells, irregular fragments of cells without a definite cell wall but with 
many nuclei, typical giant cells and spindle cells He failed, however, 
to describe foam cells as such 

As was mentioned by Heurtaux ** in 1891 and again by Tourneux 
in 1913, the first authentic report of yellow giant cell tumor of the ten- 
don sheaths must be accredited to Broca,*® who, in 1860, described 
a case in which the tumor involved a tendon sheath of the right hand 
in a woman 20 years of age, to this type of tumor Broca*® applied 
the name myelome His report was followed by the description by 
Czerny,*® m 1868, of a similar lesion, located on the right ring finger of 
a woman 20 years of age and diagnosed by him as sai come a myelo- 
plares 

Billroth** is reputed to have leported an example of this type of 
tumor in 1868 It was found, however, that he had recorded 3, 1 in 
which death due to generalized metastasis occurred within about a 
year, 1 in which the tumor recurred with axillary metastasis and 1 in 
which the growth involved the flexor tendon sheath of the foreaim 
and death from pyemia followed amputation of the forearm The 
first case is, of course, excluded from any consideration here, for it is 
evident that the tumor was malignant, and it had been listed by Tour- 
neux*® as a myxofibrosarcoma Although m the second case the 
patient recovered after a second local excision of the growth and 
excision of the axillary lymph nodes, the inference that the tumor had 
metastasized must exclude it from this discussion The lesion in the 
third case may possibly have been a xanthoma, but all indications would 
lead one to believe that amputation had been done for a malignant 
tumor, and, since a leasonable doubt exists, it has been discarded 

The next reports, therefoie, of this type of tumor were those 
of Paquet *® and Gross,*® each of Avhom desciibed 1 case in the jear 

13 Tourneux, J P Les sarcomes des games tendineuses, Rev de chir , Pans 
47 817-854, 1913 

14 Heurtaux, M A Mj elome des games tendineuses. Arch gen de med 167 
40-54 (Jan ) 1891 

15 Cited by Tourneux is and by Heurtaux 
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1878 Tlie growths were associated with the left palm and the right 
index finger lespectively and were designated as satcovtc a myeIopIa\cs 
To these must be added 2 cases reported by Koenig m 1881, 1 reported 
b\ Fene^’- in 1888 and a similar case reported by Labougle and Cas 
'•aet m 1890 All of these authors referred to the tumors as belong 
mg to the order of giant cell sarcomas This makes a total of 8 
undoubted tumois of this type reported during the first thirtj-one years 
ot the history of the tumor 

Dm mg the same period several cases of probable xanthoma were 
dibCoiLied One was reported by Eichhorst in 1876 The patient 
was a gill 15 yeais of age whose right leg had been amputated 0 A\ing 
to a fusoccllular sarcoma of the tendon sheath of the anterior tibial 
muscle that had been present foi three years One was reported b) 
Markoe ' m 1884, m which the tumor had recurred after local excision 
from the tendon sheath of the left great toe , 1 was described by Blum' 
dm mg the same a ear, m which the giowdh had been present for four 
teen years in the flexor tendon sheaths of the sole of the right foot and 
recovery took place after amputation of the leg, 1 was reported by 
Reverdm m 1885, in which the tumor had been piesent for ten years 
and the patient lecovered after amputation of the thumb, and b) 
Dumrath in 1886, in wduch the growth had peisisted for seven years 
and the patient lecovered after local excision In addition 2 cases 
weie reported by Mayer in 1886, the tumors being diagnosed as 
sarcoma, m which lecovery occurred after conseivative surgical mter^ 
vention These cases, together wuth those repoitecl by Chaissaignac 
and Spencei Wells i'' and the cases of true xanthomas, make a tota 
of 18 cases reported to the end of 1890 

1891 to 1899 Heurtaux,^'* in 1891, was the fiist to make a cntica 
study of this subject He differentiated this group of tumors from t e 
sarcomas and gave them the name of myeloma, aftei Nelation, ^ 
had previously suggested the name myeloma oi medulloma for sim! ar 
osseous structures observed by him and believed by him to be connects 
with the skeletal system only Heurtaux “ stated that the term myeloma 
should not be used as a synonym for sarcoma He lecorded 3 perso ^ 
ally observed cases in which the lesions were located m the ten 
sheaths of the fingers and a fourth case, m which the findings 
suggestive but no operation was done 

Dor,^® in 1898, in his description of a lesion of the right index fioge ^ 
W'as the first to describe the xanthoma cell and perhaps the first to co 

16 Cited b> Bellamy, H F The Mveloid Tumor of Tendon Sheath', J Path 
& Bact 7 465-480, 1901 

17 Cited h> Heurtaux and by Bellamy, H F The Myeloid Tuwo'’ 
Tendon Sheaths, J Path &. Bact 7 465-480, 1901 
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dude that these tumors are of inflammatory ougm He also slated 
the opinion that they are of a mixed type, composed of both myeloid 
and xanthomatous tissue but having a common cellular oiigin As a 
result of his observations he proposed the term myeloxanthoma 

From 1891 to 1899 inclusive, 13 more cases were desciibed m the 
literature, m 9 of which the tumois weie located on the hands oi fin- 
gers and in 4 of which they occurred about the ankle or on the toes 
One case was reported by each of the following Pilliet (1893), 
Pilhet and Mauclaire “ (1894), Longuet and LandeH^ (1895), Bon- 
homme (1897), Bonjour (1897), Venof^^ (1898), Menciere^^ 
(1898), Albertm and Paviot (1899) and Arcoleo (1899) Two 
each were reported by Malherbe “ (1896) and Targett^® (1897) All 
except Target! classified the tumors as saicome a myeloplaxcs Tai- 
gett,^® on the othei hand, said they had the chaiactei of dense fibio- 
sarcoma containing within its stroma laige numbers of foreign body 
giant cells, the presence of which he failed to explain He leported 
the growths as malignant spindle cell sarcomas and suggested that they 
might have originated fiom some bone-forming membiane Bonjour 
concluded that the myeloid tumors form a distinct gioup of neoplasms 
with a mother cell probably originating in the medullaiy tissue of bones 
He divided them into three groups (1) myeloma of the genus epulis, 
(2) myeloma of tendon sheaths and fibrous tissue and (3) cential 
myeloma of bone Bonhomme concluded that the tumor in his case 
was a nonmalignant neoplasm resulting fiom chronic inflammation of the 
tendon sheath, possibly due to trauma These 13 cases added to those 
already reported make a total of 25 cases of pioved xanthoma of the 
tendon sheaths leported b} the turn of the century 

1900 to 1909 The twentieth century opened with the repoit of 5 
cases by Muller,^^ m all of which there was involvement of the hand 
and finger tendon sheaths, and a sixth, b) the bame author, in which 
successful excision was done The tumors m the first 5 cases he 
diagnosed as giant cell sarcomas and that m the sixth as a melanotic 
saicoma (m this papei it has been listed with the probable xanthomas) 
During the same year, Delbance reported a case m \vhich a nodular 
lesion involved the extensor tendon sheath of the thumb m a man 
aged 31 

The year 1901 revealed several cases 1 reported b} Tomaselli,^^ 
of a tumor which he called a giant cell sarcoma , 4 reported by Heller,^^ 

18 Cited by Bellamy, H F The Myeloid Tumor of Tendon Sheaths, J Path 
&■ Bact 7 465-480, 1901, and by Tourneux 

19 Target!, J H Giant-Celled Tumours of the Integuments, Tr Path Soc 
London 48 230-235, 1897 

20 Cited by Mason, M L , and Woolston, W H Isolated Giant Cell 
Xanthomatic Tumors of the Fingers and Hand, Arch Surg 15 499-529 fOct ) 
1927 
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and 5 lepoited by Bellamy"^ The tunioi in Tomaselli’s case was 
located on a foot, all those in Heller’s cases invohed the tendon sheaths 
of fingers, and all his patients recovered after local excision Heller’s 
diagnosis was sarcome a myeloploixes In 4 of Bellamy s cases the 
growth Mas connected with the fingers, and in the fifth it imolved 
the palm Bellamy listed as important characteristics of these tumors 
the presence of adult connective tissue, certain proliferating cells, raul 
tmucleated or giant cells, blood vessels with actively proliferating endo 
thehum and, finally, advanced stages of fatty degeneration As a resii t 
of this study he concluded that, although these tumors contain large 
numbers of giant cells, they do not belong among the giant cell tumors 
but that oM'ing to the fact that their evolution is due to proliferation 
of the endothelial cells of the blood vessels, they should be called en o 
theliomas However, since large numbers of giant cells also pay a 
prominent pait m the pathologic picture of these growths, he con 
eluded that they should be termed myeloid endotheliomas 

In 1902, Martini described a giant cell sarcoma which was suc- 
cessfully excised after the second attempt Turner, during the sam 
y^ear, described a myeloma of the tendon sheath of a finger m a 
woman resulting from overstrain due to excessive violin practice 
following year, Bloodgood ** added 2 cases under the classi ca i^^ 
of hemangiomatous elephantiasis He later regarded the 
m these 2 cases as similar to those under discussion in this paper 
added that w'hen these tumors are adherent to or associated wit i en 
sheaths even above the fingers and toes (on the hand, wrist, 
ankle) and have the mottled appearance of xanthoma, they 
always be differentiated from the sarcomas The presence o 
cells, according to him, rules out the diagnosis of sarcoma, as 
usually the presence of the foreign body giant cell , 

Coenen,^^ in 1904, employing the term “giant-cell sarcoma 
tendon sheaths,” added 6 cases In 5 the tumors were alhe wi 
flexor, and in 1 with the extensor, tendon sheaths of the fingers 

In 1905, Malapert and Morichau-Beauchant j! ^ f^n'^cr 

cell sarcoma of the flexor tendon sheath of the right mi ^ “ 

21 Bellamy, H F The Myeloid Tumor of Tendon Sheaths, J Pat 

^ Membrane 

22 Turner, G R A Case of Primary Sarcoma of the Synovi 

of the Ankle-Joint, Tr Clin Soc London 35 137-138, 1902 ^ 

23 Bloodgood, J C Haemangiomatous Elephantiasis, Progres m 
157 (Dec ) 1903 

24 Bloodgood, J C Xanthomas, Arch Surg 8 882-889 (May) 

25 Malapert, P , and Morichau-Beauchant, R Sarcome a g 

game sjmoi lale du flechisseur du medius. Bull et mem Soc anat e 
(May) 1905 
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which presented no evidence of recurrence after amputation of the 
finger In the same year, Suter lecoided a digital tumor foi which 
amputation of the distal phalanx was done owing to erosion by the 
tumor of a portion of that phalanx 

Gaudiani,^* m 1906, described 2 tumors One of them was found 
by Tourneux to be a melanotic giant cell sarcoma It was located 
on the flexor tendon sheath of the right ring finger, had been present 
for twelve years and showed no recurrence aftei local excision, it is, 
therefore, classified in the present paper with the probable xanthomas 
The other was diagnosed by Gaudiani as a giant cell sarcoma of the 
extensor tendon sheath of the left great toe and was successfully excised 
from a girl 12 years of age Bazy,^^ in 1907, followed with another, 
and in 1908 Fntsch added 2 more, all of which received the name 
of giant cell sarcoma, or sm coma d myeloplaxcs 

Seven cases were reported by Lenzi and Abetti in 1909 The 
tumors m 6 involved the flexor tendon sheaths of the fingers and 
that m 1 the extensor tendon sheath of a foot The growths were 
classified as giant cell sarcomas In the same year Kammer cited 2 
cases In 1 the tumor was situated on a finger, and m the other, on 
a toe 

During this period (1900 to 1909) 41 cases of undoubted xanthoma 
of the tendon sheaths were reported, bringing the total up to 66 How- 
ever, there is 1 case of probable xanthoma that might be added , it 
was reported by Nony m 1909 The tumor was successfully excised 
from the flexor tendon sheath of the left forearm and was diagnosed 
as a globocellular sarcoma 

1910 to 1919 Under the term m)'eloma, Mathews,-® in 1911, 
reported a case of tumor of the flexoi tendon sheath of the index 
finger, and during the same year Russell added another 

In 1912, Hedinger reported 4 cases but gave no details concern- 
ing them except the age and sex of the patients The following 3'ear, 
Spiess added 4 cases and suggested the name Hamosiderm Sarcoma 

26 Suter, F A Zur Casuistik der Fingertumoren, Arch f khn Cliir 75 624- 
628, 1905 

27 Cited by Smith, C The Histology and Nature of So-Called Foam-Cell 
Tumors with a Report of Four Cases of Endothelioma Xanthomatosum, Surg, 
Gynec &. Obst 14 551-557 (May) 1912 

28 Mathews, F S Myeloma of the Tendon Sheath, Ann Surg 53 847-848 
(June) 1911 

29 Russell, J I Sarcoma of the Tendon Sheath of the Flexor Longus Pollicis 
Muscle, Ann Surg 53 285-286 (Feb ) 1911 

50 Hedinger Zur Fragc der sogenanntcn M 3 elome der Sehnenscheiden 
Centralbl f allg Path u path Anat 23 904 (Oct 31) 1912 

31 Spiess, P Zur Lehre der 3 on Sehnenscheiden und Aponeurosen au'gehenden 
Ricscn7clIensarkome, Frank-furt Ztschr f Path 13 1-44, 1913 
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g'gantocellulat e xanthomatodes dei Sehnenschciden ttnd Aponeumcit 
He added that pathologically a chronic granulation process can be 
safely excluded, that the tumors are definitely benign and that the\ 
resemble epulis to a considerable extent 

The term granuloma made its appearance in 1913, when Fleissig' 
desciibed 3 growths located on the fingers He pointed out that these 
tumoi s lack the principal diagnostic points of neoplasms, such as poh 
morphism, pol3'chromatophiIia, destructive invasion of the surround 
mg tissues and mitosis, and asserted that they are benign The same 
yeai, Le Filhatre added 1 moie case to the increasing list 

Grant and Stewart,®^ in 1914, described a nodular lesion that bad 
lecuiied after local excision m the tendon sheath of a finger Thei 
regarded it as a myeloid endothelioma and emphasized the important 
role that tiauma plays m the causation of this variety of tumor Using 
the name “pigmented giant-cell xanthosarcoma,” Landois and 
in this same vear, reported 4 peisonally observed cases and a filth 
obseri/ed b\ Robinson, of Clifton Springs, New York Two of their 
cases had ahead) been reported by Bloodgood in 1903, which leaies 
onl)'’ 3 new cases to their credit 

In 1915, Stewart and Flint®® described 2 tumors, 1 on the 
suiface of the right thumb and the other on the flexor surface of the 
left wrist Duiing that yeai, Beekman added 3, 2 located on finger 
and 1 on a gi eat toe He also reviewed the literatui e and, after a con 
sideration of the preexisting data, concluded that it had not beui 
definitely pioved that these tumoi s aie caused by inflammation or 
chronic irritation He stated, howevei , that they certainty do not he 
undei the classification of sarcoma He stated that histologicall} t'e 
lesemble giant cell epulis more than an}^ other type of giant cell tunio^ 
(although the} do not arise from the peiiosteum as does epulis) an 
that they further resemble epulis in that they do not recur after 
plete removal and never metastasize He then suggested 
“giant-cell sarcoid tumors of the tendon sheaths” He 
Bloodgood®® that the teim giant-cell tumor is well established a 
should not be dropped 

32 Fleissig, J Ueber die bisher als Riesenzellensarcome b 

neten Granulationsgeschwulste der Sehnenschciden, Deutsche Ztschr f 
239-265, 1913 

33 Le Filliatre Sarcome a myeloplaxes de la game du jambier po 

Bull et mem Soc anat de Pans 88 222-224. 1913 cheath 

34 Grant, T P , and Stewart, M J On Myeloid Tumors of Tendon 
Mith Report of a Case, Glasgow M J 81 333-339, 1914, abstracted, Interna 

Surg 19 225 (Sept) 1914 

35 Landois, F , and Reid, M Das pigmentierte nesenzellenba tige 

SarLom der Extremitaten, Beitr z klm Chir 95 56-73 (Dec ) IPl"! ^ c. 

36 Stewart, M J, and Flint, E R Obser^atlons on the J.GeIoia 
Tendon Sheaths, Brit J Surg 3 90-99, 1915-1916 
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In 1917, Pybus reported a nonrecurring myeloid tumor of the 
flexor tendon sheath of the right little finger 

One of us (Broders),^® m his paper published in 1919, desciibed 
17 tumors, 1 of which was located in the subcutaneous tissue on the 
anterior smface of the leg, midway between the knee and the ankle, 
and was not related to an}"" tendon sheath This tumor will not be 
considered with the remaining 16, 10 of which were situated on the 
upper extremity and 6 on the lower He described the macioscopic 
and microscopic appearance of the growths and suggested that the 
purpose of the foreign body giant cell is to absorb foreign mateiial, 
in other words, it is a “clean-up cell ” He spoke also of its morphologic 
similarity to the osteoclast and expressed the opinion that its 
function may be the same In addition, he brought out the resemblance 
of these giant cells to those found m the medullary giant cell tumor 
of bones and gums, to those that collect around cholesteiol cr}'’stals, 
blood pigment, nonabsorbable suture material and colloid and cornified 
epithelium in cases of epithelioma and to those associated with syph- 
ilis, leprosy, blastomycosis, coccidioidal granuloma and tuberculosis 

The decade from 1910 to 1919 revealed that 40 more undoubted 
xanthomas of the tendon sheaths had been recorded, making the total 
to the end of the decade 106 Two probable xanthomas were also seen , 
1, reported by Gignoux in 1911, was situated on a flexor tendon 
sheath near the malleolar legion of the light foot and had been present 
for seven years Recovery'’ took place after amputation of the leg The 
other was described by Jourdan and Etienne in 1911 It was located 
in the tarsal region and had likewise been present for seven years Both 
of these growths were diagnosed as globocellular sarcomas 

1920 to 1929 Krogius,®® in 1922, suggested the name “xanthosai- 
coma” and described 4 cases , m 2 the lesion was on the lower 
extremity and m 2 it occurred on the upper He expressed the 
opinion that, although growths located on the fingers are benign 
those on the hands, forearms and feet are apt sooner or later to reveal 
a more malignant nature During the same vear, Kaufmann repoited 
3 cases and Seyler described 10, using the name of “xanthomatous 
granuloma ” Of the tumors described by" Seyder only 1 iniohed a ten- 
don sheath One was in a joint, and the remainder were subcutaneous, 

37 P>bus, F C A Note on a Case of Mieloma of the Tendon Sheath, BrU 
J Surg: 5 172-173, 1917 

38 Broders, A C Benign Xanthic Extrapenosteal Tumor of the Extremities 
Containing Foreign Bodj Giant Cells, Ann Surg 70 574-581 (No\ ) 1919 

39 Krogius, A So-Called Xanthosarcoma of Tendon Sheaths, Finska lak - 
sallsk handl 44 102, 1922, abstracted, Internat Abstr Surg 35 415-416 (Dec 1 
1922 

40 Seiler Deber xanthon’atische Granulome, Virchoiis '\rch i path Anat 
239 20-31, 1922 
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1 located o\ei the budge of the nose, 1 about the tempoial legion 1 on 
an ulnar nerve, 3 on the leg and 2 on the arm 

In 1923, Hartert^i described 5 tumors which he called xanthosar- 
comas Three were located on the feet and legs and 2 on the tendon 
Sheaths of the fingers About the same time, Buxton « leported a 
case which he had personally observed and 1 which he had collected 
“ n College of Suigeons Buxton called both tumors 

gian ce myelomas ’ but distinguished them from sarcomas He 
quo e lattock as saying that these myelomas of tendon sheaths are 
le same as t ose found at the ends of the long bones Shattock had 
bfeCste a so that they aie due to embryonic displacement of osseous 
a tendon sheath, which is continuous with the bone, 

n at these displaced elements are related to the bone mairow 
in 1924, undei the subtitle "fibrohemangioma,” described 

0 le 1 ecorded as xanthomatous All of these 19 tumors contained 
eign 0 y giant cells, and 9 revealed the presence of foam cells Two 

reported by Bloodgood in 1903 Gar- 
17 Specify the exact location of the tumors in the remaining 

1 them may not have been associated with tendon 

^ included m the present paper Using the sub- 
title fibroma of tendon sheaths,” Garrett also concluded that 13 of 
^le 0 a number of 30 were xanthomas Of the remaining 17 in this 
to oup, a are reported as containing foreign body giant cells and pif' 
men an the similarity, in some respects, to the 13 considered to be 

1 ^ rioted The differences between these two groups appear 
s ig t t at it IS inconceivable that two distinct divisions could be 
cot em, and therefore they are all included in the present pap^r 

» ‘"^ossification “xanthoma of tendon sheaths ” Under the 
§^ranuIation-tissue tumors,” 1 lesion of the i ecorded 26 is 
^snthomatous in structure, and it contained foreign 
/ &r^^rit cells, foam cells and pigment, but here again Garrett faik6 
nic ^ tumor, and since the location is not known the case is 
also excluded from the present paper In addition, Garrett concurred 

^ Opinion that tumors of this type are endotheliomas an 

stated that they are benign 

Dyke,« m 1924, reported 2 cases of tumor diagnosed as rajelonia 
f^eex^ed the idea that the presence of giant cells is to be considered 

(Jute) ^927 ^ Tendon Sheaths, Ann Surff S5 897-911 

10 ?69-^;4‘Spnl/lS3 ^ 

Tumors of the Xanthoma T^pe, Arch Surg 8 890-0 

MieLmo,!: T ^ Significance of Anisotropic Fattj Substances m 

Mjelomatous Tumours, J Path & Pact 27 5-10, 1924 
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as evidence of the endothelial nature of these m 3 ’^elomatous tumors and, 
similar^, that the presence of foam cells containing dioplets of aniso- 
tropic fat substance, probably cholesterol ester, is still further evidence 
of their endothelial origin Weber,'*® in the same year, presented a case 
of xanthomyeloma of the tendon sheath and expressed the opinion 
that these tumors are associated with constitutional hypercholesteremia 
Miller called the lesion that he reported in the same year a xanthoma 
of the tendon sheath Lecene and Moulonguet,*’’ in 1924, reported 3 
cases, 2 of the tumors being located on the fingers and 1 on a foot 
They expressed the opinion that this tumor is a tumeur d’origme 
dyshoplijque and accepted the conservative method of treatment as that 
of choice 

The tumor described by Vermooten in 1925 involved the proximal 
phalanx of the right thumb and was a typical xanthoma It may well 
be that this tumor first involved the tendon sheath and secondarily 
invaded the diaphysis of the bone Since it is not known whether this 
tumor was primary in the tendon sheath, it was not included in the 
present paper 

In 1927, Mason and Woolston reviewed the previous literature, 
reported numerous cases from the records of others and added 8 per- 
sonally observed cases of what they called “giant-cell xanthomatous 
tumor ” They emphasized the benign character of this type of growth 
and discussed the clinical and pathologic picture, but they advanced no 
new ideas concerning its causation or pathogenesis Janik, in 1927, 
reported 14 cases collected from the literature, which have already been 
alluded to here In the same year, Harbitz described 1 1 new cases 
and after a review of the literature came to the conclusion that the 
growths should be classified as real tumors, probably sarcomas but com- 
paratively benign 

45 Weber, F P Cutaneous Xanthoma and “Xanthomatosis” of Other Parts 
of the Bodj — Pituitary Xanthomatosis — “Xanthomyelomata” of Tendon- Sheaths, 
etc — and the “Cholcstenn Diathesis,” Brit J Dermat 36 335-370 (Aug -Sept) 

1924 

46 Miller, E M The Surgical Aspect of Xanthoma Tumors, Ann Surg 80 
256-267 (Aug) 1924 

47 Lecene, P , and Moulonguet, P Les tumeurs a myelopla-ce des games 
tendmeuses, Ann d’anat path 1 393-411 (July) 1924 

48 Vermooten, V Xanthosarcoma of Thumb A Central Benign Giant-Cell 
Tumor of the Proximal Phalanx of the Thumb, ^nn Surg 81 851-856 (A.pril) 

1925 

49 Mason, M L, and Woolston, W H Isolated Giant Cell Xanthomatic 
Tumors of the Fingers and Hand, Arch Surg 15 499-529 (Oct ) 1927 

50 Janik, A Tumors of Tendon Sheaths, Ann Surg 85 897-911 (June) 1927 

51 Harbitz, F Tumors of Tendon Sheaths, Joint Capsules and Multiple 
Xanthoma, Arch Path 4 507-527 (Oct ) 1927 
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SegoAia and Llompart,'*^ m 1928, reported 2 tumors of the flexor 
tendon sheaths ot the hand, and in the following year Eisen"^ and 
Kiutz®^ each described 1, both of which were located on an upper 
extremity Eisen described his as a giant cell tmnoi and concluded 
tiiat the accompanying bony defect observed in the proximal phalanx 
ot the index fingei was due to pressure from the tumor and not to an 
mfiltiatixe process, for it was completely filled in with new bone twenty 
months latei Kurtz expressed the opinion that the benign character 
and ''trudure of this variety of tumor suggest that it may arise from 
a local indammatory process connected xvith trauma and some peculiar 
distuibancp ot local lipoid metabolism 

Durmg the same yeai, Geschickter and Copeland added 27 cases 
collected u ihc Johns Hopkins Hospital Txvo of these had alreadi 
been rep ji ted Li Bloodgood in 1903 and 2 by Landois and Reid^° ni 
1914 One patient in this group had 2 tumors mvohung the flexor 
tendon sheath*, of the index and ring fingers, making a total of 24 
tumois Gesclirnktei and Copeland advanced the opinion that this 
type of tumoi is denved from the sesamoid bones They cited Pfitziier, 
who had shown that the sesamoids are most frequent on the first, sec 
ond and fifth digits of the hand and foot, at the metacarpophalaiigea 
01 metataisophalangeal joints, where giant cell tumors of the tendon 
sheaths are most commonly found but that thej'^ may occur at the sites 
of these joints or the intei phalangeal articulations in any of the finge''S 
and toes Othei sites for the sesamoids may be in the tendons a 
the elbow, knee or ankle, m the tendon of the psoas muscle at the pu^'^ 
and occasionally in the tendon of the gluteus maximiis muscle near 
head of the great trochantei They continued “When giant cell 
of the tendon sheaths aie examined microscopically a variant o 
t) pical giant cell structure is seen, chai actenzed by an unusual 
of pink-stainmg fibrous tissue, enclosing m a netwoik cells o 
cartilage type This fibroid substance on further investigation^^^ 
identified as the vestige of white fibrocartilage f i om which the sesan 
bones are derived ” Tumors studied by them xvhich did not occupy ^ 
site of these bones did not show the characteristic giant cell struc 
and they concluded, therefore, that such growths should be cassi 
as fibrohemangiomas, fibromas or ganglions 

52 Cited by Gonzalez-Aguilar, J Contribution to the Pathologi oi T 
Tumors of Giant Cells, J Bone & Joint Surg 12 280-288 (April) 1930 

d 3 Eisen, D Giant-Celled Tumors of Tendon Sheaths, Am J Surg 

e 7 862 861 

54 Kurtz, A D Xanthoma of Tendon Sheath, Am J Surg 
(Dec ) 1929 

, Ciant 

55 Geschickter, C F, and Copeland, M M Osteitis Fibiosa ana 
Tumor Arch Surg 19 169-271 (Aug) 1929 
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During the period from 1920 to 1929, 99 undoubted xanthomas 
of the tendon sheaths were reported m the literature This group, 
added to the previously reported 106, makes a total to the end of 1929 
of 205 

1930 to 1938 In 1930 three authors each repoited 1 tumor and 
listed it as a giant cell tumor of the tendon sheaths Bessesen’s 
tumor, which had appeared after an injury, was situated on the right 
middle finger Dudley’s was located on the left ring finger The 
third tumor, reported by Gonzalez-Aguilar,®® was attached to the infra- 
patellar tendon and is the only tumor in that location that has been 
described in the literature up to the present time 

Ragins,’^® in 1931, recorded 2 more growths, both located on the feet 
He felt that they should be known as benign tumors of the tendon 
sheaths but added that if giant cells and foam cells had been present 
they would have been classified as benign xantbomatous giant cell 
tumors of the tendon sheaths He stated the opinion that the tumor is 
a true neoplasm of mesothehal origin, not a granuloma and not asso- 
ciated with a generalized disturbance of cbolesterol metabolism or hyper- 
cholesteremia 

Six additional tumois were reported m 1932, 1 by Goiog,®“ who 
expressed the opinion that it should be listed as a true neoplasm and 
not as a granuloma Bellelli reported a tumor located on the dorsum 
of the left wrist, Emaudi,®^ 2 growths which he called giant cell tumors 
and which were allied with the tendon sheaths of the ring finger and the 
popliteal space He expressed the belief that the presence of xanthoma 
cells in such tumors is the result of a disturbance in cholesterol metab- 
olism Jebens,®- retaining the term myeloma, recorded a growth sit- 
uated on the flexor and extensor tendon sheaths of the left little finger, 

56 Bessesen, D H Xanthoma, So-Called Giant Cell Tumor of the Tendon 
Sheath Case Report, West J Surg 38 701, 1930, abstracted, Am J Cancer 
15 1894 (Julj) 1931 

57 Dudlej, H D Giant Cell Tumors of Tendon Sheaths, Northwest Med 
2B 217-219 (May) 1930 

58 Gonzalez-Aguilar, J Contribution to the Pathogeni of Tendon Tumors of 
Giant Cells, J Bone &. Joint Surg 12 280-288 (April) 1930 

59 Gorog, D Ueber die Riesenzellengeschwulste der Sehnenscheiden, Cen- 
tralbl f allg Path u path Anat 53 341-347 (Jan) 1932 

60 Bellelli, F Su di un tumorc delle guaine tendince, Riforma med 48 630- 
635 (^pril 23) 1932 

61 Einaudi, M Sui turnon a cellule gigante delle guame tendinee, Miner\a 
med 1 702-708 (Mav 19) 1932 abstracted Am J Cancer 18 785 (Juh) 1933 

62 Jcbens E H Aheloma of Tendon Sheath Proc Ro^ Soc Med 25 
1098-1099, 1932 
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and he lefused to accept the hypothesis of the inflammatory origin of 

this tumoi The sixth tumor was reported by Sprenger/® a German 
w ntei 

Canavero,®* m 1934, added 2 digital tumors Duany reported 3, 
2 involving the tendon sheaths of the fingers and 1 fastened to a semi 
tendmosus sheath In the same year, Geschickter and Lewis added 
23 more The exact details concerning these tumors are lacking, but 
the authors stated that the majority were located on the fingers, near 
the metacarpophalangeal and mterphalangeal joints, usually on the flexor 
sui face, and that remainder were found chiefly on the hands or about 
the ankles and feet They again advanced the hypothesis that these 
tumors are denied from the sesamoid bones Moiton®' also recorded 
6 tumors during that year , 4 appeared on the tendon sheaths of the 
fingers and 2 on the tendon sheaths about the ankle He classified them 
under the general heading of synoviogenic tumoi s having their origin 

in the synovial membrane of tendons, bursae, joint capsules and joint 
linings 

In 1935, Bussebaum added 2 cases and said that these tumors 
are benign granulation tumors that develop in the same way as does any 
inflammatory growth The following year, Wahlgren described 19 
additional tumors, reports of 9 having been collected from Bergstrand 
Thirteen of these tumors involved tendon sheaths and 6 the synovia! 
membranes of joints Of the 13 tumors involving tendon sheaths 1 
patient had 2, 1 on the left first and 1 on the left fourth toe Zum 
tobel, m 1936, recorded 4 more tumors and stressed their benign 
character but denied that they had any relation to trauma or infection 
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Gomori added another, found on the second toe of a woman 30 years 
of age He stated that these locally situated tumors that have such a 
great similarity to giant cell tumors of bone are nevei associated with 
any alteration in cholesterol metabolism 

Pique, Brachetto-Bnan and Fasciolo,'* in 1937, described 2 more 
tumors, both in women and attached to the tendon sheaths of the thumb 
and the anterior surface of the wrist The authors classified them as 
benign tumors containing giant cells 

In 1938, Thannhauser and Magendantz gave an excellent review 
of the general subject of xanthomatous lesions and presented 2 cases 
of tendon sheath involvement The patient m the first was a woman 
with multiple nodular involvement of the fingers, ankles and right 
elbow The patient in the second was a man, a brother of the former 
patient, who had a xanthoma of the extensor tendon sheath of the right 
fourth finger and also xanthomatous involvement of both achilles ten- 
dons with associated arthritic nodules in the fingers Thannhauser and 
Magendantz classified these tumors under the heading of the primary 
essential xanthomatoses 

Lasher,’’^ in 1938, described a xanthoma attached to the extensor 
tendon sheath of the right middle finger in a woman 53 years of age 
The tumor had been present for eight years , it was successfully 
excised 

From 1930 until 1938, 70 more undoubted xanthomas of the tendon 
sheaths were cited in the literatuie These, together with the 205 
already reported, make a grand total of 275 reported since the first case 
of Broca m 1860 and cover a period of seventy-nme years, making 
an average of about three to four each year Of the probable xanthomas 
16 have been listed 

Synovial Memhianes — 1865 to 1899 The first xanthoma of the 
synovial membrane of the joints was reported by Simon m 1865 
This tumor was of the solitary, pedunculated variety and was success- 
fully excised from the knee of a man 46 years of age Microscopically 

71 Gomon, G Three Uncommon Tumors, Am J Surg 33 150-156 (July) 
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72 Pique, J A , Brachetto-Bnan, D , and Fasciolo, J C Tumores benignos 
de las lamas tendmosas digitales, Rev ortop y traumatol 7 169-181 (Oct) 1937 

73 Thannhauser, S J , and Magendantz, H The Different Clinical Groups 
of Xanthomatous Diseases A Clinical Pin siological Stud\ of 22 Cases, Ann Int 
Med 11 1662-1746 (March) 1938 
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75 Cited b^ Hartman F W Sjno\ial Membrane Tumors of Joints, Surg, 
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Lcs tumeurs pnmitnes des articulations Re\ de chir , Paris 69 229-266 1031 
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it revealed pigmented cells, large giant cells and foam cells and ivas 
diagnosed as a l^peiti opined saicomatoiis synovial fringe The next 
one to appeal xxas described by Annandale'^® in 1886 It too i\as a 
pedunculated growth and xvas classified as a myeloid sarcoma, but no 
lecurrence followed local excision In 1886, Weir‘‘ added another 
pedunculated giant cell saicoma located in the synovial membrane of 
a knee 

1900 to 1909 The first diffuse xanthoma was reported bj Moser ■’ 
in 1903 It involved the synovial membrane of the left tibiotar^al 
aiticulation klosei called tins tumor a giant cell sarcoma it was an 
extensixe lesion and was successfully excised There was no evidence of 
lecurrence after seven years of observation 

1910 to 1919 Dowd,'^® in 1912, under the title “villous arthritis 
of the knee,” was the fiist wiiter to describe a diffuse xanthoma of 
the synovial membiane of the knee This lesion occurred in a man 
aged 33 who had had swelling and moderate disability of the knee for 
four yeais When the joint was opened, marked hypertrophy of the 
membrane was seen, one piece iiieasuiing 2 by 1 5 inches (5 by 4 cm ) 
The patient recoveied aftei excision of many of the villi In spite of 
this, the author diagnosed the growth as a giant cell sarcoma, but it 
seems likel}’’ that now it would be classified as a xanthoma, and it wii! 
be considered as such in this article 

In 1914, 1 additional pedunculated tumor of the tarsal joints was 
reported by Weil,^» and in 1917, Zullig'® added a diffuse xanthoma of 
the right knee 

1920 to 1929 In 1921, Blanco,«« at the Mayo Clinic, reported a 
pedunculated growth arising in the synovial membrane of the left knee 
and emphasized its similarity to the tumors described by Broders 
as benign xanthic extraperiosteal foreign body giant cell tumors of t le 
extremities involving tendon sheaths , 

A review of the literature was published by Hai tman m 1922, an 
to the cases recorded he added 1 observed by him The patient was a 

76 Cited by Turner, A L Primary Sarcoma of the Synonal Membra"^ 
Lancet 2 54 (July 7) 1894 
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man 20 years of age S)TOptoms had been present foi four years 
Frequent aspirations of bloody fluid from the knee had been done foi 
some time prior to operation Haitman®^ concluded that it seemed 
best to place these lesions with the benign tumors of connective tissue 
origin, and he preferred the name myeloid tumor He stated, how- 
ever, that there is always a potentiality of malignancy In addition, 
he discussed the pathologic picture and stated that three types of cells 
are observed microscopically namely, round cells, foreign body giant 
cells and foam cells He added, “Too much importance has been 
given the foam cell and the giant cell in the classification of this group 
since both may be absent from otherwise typical tumors arising in the 
synovia ” 

Seyler,^® m the same year, added a tumor (under the name of 
xanfhomahsclie Gianiilome) which was located m one of the taisal 
joints 

In 1923, 2 more tumors of the local vaiiety were observed, one by 
Muhe,'^® in the S3movial membrane of the tarsal joints, the othei by 
Paitre and Bruas,®® situated m the left knee 

Garrett, in 1924, reported 3 cases, but from his article one leceives 
the impression that the tumors involved not only the synovial membrane 
but the bony articulations, and it is difficult to say whether they were 
true xanthomas, primary in the sjmovial membrane, they weie, there- 
fore, discarded from this review During the same year another 
pedunculated xanthoma was reported by Largiader,"® which involved 
the synovial membrane of a knee The following year two more cir- 
cumscribed tumors were reported, one by Wustmann ®® and the other 
by Kuozkowski '® 

Judy,®^ m 1926, recorded a diffuse xanthoma of the left knee that 
had resulted from the intra-articular injection of 2 pei cent solution of 
formaldehyde three years prior to synovectomy Koch®® obsei\ed a 
similar tumor that had recurred after a partial synovectomy 

Harbitz m 1927 described a diffuse xanthoma m a woman 20 
years of age The tumor, he stated, resembled the xanthosarcomas of 

82 Cited by Faulkner, D M Primary Syno\nl Membrane Tumors of Joints, 
Surg,G>nec & Obst 53 189-195 (Aug) 1931 
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the tendon sheaths Included in the reports of 1927 were 2 more 
lesions, a diffuse type seen by Herschemer,'"’ and one of the local 

\anety lecoided by Tobler Both involved the synovial membrane 
of the knee 


The hteiatiue in 1928 revealed 6 additional growths, 3 of which, 
pedunculated and occuirmg m the knee, were reported by Abadie,*® 
\egelin and Simon '''■ respectively Two were of the diffuse form, 
] was reported by Frangenheim,"® and the other by Mandl ” The sixth, a 
pedunculated tumor of the ankle, was reported by Paitre and Talbot®* 
Similarly Simon •' described a pedunculated tumor in the right knee 
of a man 59 \eais of age Paitre and Talbot described these tumors 
as made up of dense inflammatory tissue in which are seen three types 
of cells giant cells varying between those of bone and those seen in a 
tubercle maci ophagocy tes containing blood pigment and lipoid or 
xanthoma cells 


n 1929, Negrie and Canton added another circumscribed tumor 
o the knee m a man aged 20 which they felt to be a benign giant cell 
tumor of the synovial membrane During the same year, Sundt'* 
recorded a symovectomy done for the removal of a diffuse xanthoma, 
similarly located 


0 to 1938 In 1930, Sonntag°® reported a recoveiy from a 
simple excision of a pedunculated tumor m a knee 

Faulkner, m 1931, reviewed the literature and added to the 
xanthomas recorded 2 tumors of the synovial membrane of the knee 
These tumors were pedunculated and large He reserved for them 
t re French term, used by Heui taux, Talbot and others, inmeiif o 
mycloplaies, or myeloplaxoma He discussed the pathologic picture 
of these growths and emphasized Talbot’s description as an accurate 
one He added that there is no histologic evidence of malignancy but 
concluded that if recurrence takes place after conservative operation 
n high amputation should be done immediately 
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In the same yeai, Razemon and Bizaid®- leviewed and discussed 
all the benigii and malignant tumois of the synovial membiane Of 
the 45 benign tumors they found 26 to be xanthomatous, they failed, 
however, to add any new cases of then own They again emphasized 
the three typical histologic findings, foam cells, foieign body giant 
cells and collections of ochei pigment, and expiessed the view that 
small trauma plus minute hemorrhages is the basis foi the evolution 
of these growths 

In 1933, Bonn®^ added a difiuse giowth obseived in a woman 26 
years old It involved the synovial membrane of the left knee and 
resulted from a previous injuiy He pointed out that xanthomatous 
deposits may occur in any tissue when there is an excess ot total blood 
hpoid and that such deposits aie likely to occui in gianulation tissue 

Khng and Sashin,®* m 1935, leported the result of a S3movectom} 
done for “hemorrhagic villous arthiitis of the knee joint due to 
xanthoma ” They also reviewed the htei ature and concluded that 
these tumors aie benign 

Wahlgren, in his article on both the “tendon sheath tjpe” and the 
"synovial membiane type” of xanthoma, added 6 moie, 5 involved 
the knee and 1 the right tibiotarsal articulation 

In 1936, Geschickter and Copeland recoi ded 4 xanthomatous 
lesions within the synovial membrane of the knee and a fifth about 
the elbow joint and associated with diabetes They explained that 
xanthomatous giant cell tumors of joints are histologically similar to 
giant cell tumors of tendon sheaths, basing this opinion on the follow- 
ing explanation 

The original condensation for the future sesamoid bone buds from the joint 
side of the future bone, just beneath the tendinous attachment An abortive 
formation of this sesamoid type, undergoing resorption by giant-cell proliferation, 
ma) give rise to a xanthomatous giant-cell tumor within the joint Later when 
the same embrjonic sesamoid focus has migrated to its final position uithin the 
tendon sheath a similar resorption by giant-cell proliferation gnes rise to a tumor 
of the tendon sheath Whether the tumor is of tendon sheath or s\no\ial origin 
the t) pical fibrocartilaginous structure of the sesamoid bone maj be found remaining 
in the tumor 
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Since the first tumoi was reported in 1865, and covering a period 
of seventy-fom years (to and including 1938), 43 lesions of the 
synovial membrane have been described in the literature, making an 
aveiage appeal aiice of appi oximately one tumor in two years 

Statistical Analysis — AH the available hteiature since about 1850 
has been reviewed, and it is felt that practically all the reported cases 
aie lefeued to heie Complete data were not always available, but 
statistics haie been compiled on a sufficient number of cases to enable 
one to anive at ceitam definite conclusions These tumors have here 
tofoie masqueiadcd under so many names that at times it was difficult 
to decicH to what group of pathologic entities they actually belonged 
In some motanctb it was felt that ceitam ones belonged to the group of 
benign xintiKinias ni spite of the previously expressed opinions, and 
these tiimois hare been classified under the heading of probable 
xanthomas hen complete evidence was lacking as to their true 
nature oi when the evidence pointed toward malignant or otherwise 
diverse chaiactenstics, the giowths were discarded Of 36 doubtful 
lesions, 20 were ot the latter class and had been diagnosed under such 
names as fusoccllulai, globocellular oi fibrofusocellular sarcomas, 
fibi om) \osai comas oi melanotic sarcomas The duration of these 
tumoi s had been comparatively short, the growth had been fairly rapid, 
recurrence had been early or other such similar evidences of the pres 
ence of malignant changes not consistent with the true nature of 
xanthoma had been present 

In the cases collected from the literature there were 317 patients 
ivith 327 tumors , 274 had involvement of the tendon sheaths and 43 had 
involvement of the synovial membranes Two hundred and S!xt)'-nine 
patients with growths in the tendon sheaths had 1 tumor each , 3 patients 
had 2 tumors each , one patient had 3, and m 1 there were 6 tumors 
Of the group with tumors of the synovial membranes each patient 
had involvement of only one joint 

The sex was recorded in 236 instances, 129 of the patients being 
women and 107 men, or 55 per cent women and 45 per cent men 
220 instances the age and sex were both recorded, of this number 
or 54 per cent, weie women and 101, or 46 per cent, were men m 
cases the age but not the sex was reported, making a total of 223 m 
wdiich the age was listed The average age of the 119 women vas 
years, and that of the 101 men was 38 years The average 
tor the entire group was 37 5 years Arranged by decades, the hrge^ 
group fell m the third, with 61, the fourth running second ivith 4^^ 
yie oldest patient was a man 82 years old, reported by Malherbe, 

tie youngest a patient aged 5 years, of unspecified sex, recorde 
Garrett ^ r 
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In 156 cases the duration of the tumor was cited One hundred and 
thirty-three tumors imolved the tendon sheaths, with an average dura- 
tion of five years and four months Twenty-three involved the synovial 
membranes, with an average duration of three years and eleven months 
For the entire group the average duration was five years and one month 
The shortest duration was three weeks (the patient had a tumor on 
the tendon sheath of the right middle finger , the case was reported by 
Bessesen) The longest was thirty-one years, recorded by Fritsch,^^ 
the patient having a growth involving a tendon sheath of the light foot 
The size of the tumor was recorded in 109 cases This was not 
ah\ays the exact size in inches or centimeters, but a comparative one, 
from which an attempt was made to reconstruct the measurement as 
nearly as possible into centimeters Of 66 tumors connected with the 
tendon sheaths of the upper extremity the average size was approxi- 
mately 2 by 1 cm In the lower extremity, involving the tendon sheaths, 
27 tumors showed an average size of 5 5 by 4 cm The average for 
both was 3 by 2 cm Of 16 tumors of the synovial membranes the 
average size was 3 5 by 2 5 cm The average size for the entire group 
was about 3 by 2 cm The largest tumors were those located about 
the foot and ankle , two or three of these were as large as 9 by 7 cm 
The smallest were those involving the fingers, the smallest of these 
was approximatley 0 5 cm in diameter 

The records are not complete as to the presence or absence of 
trauma Of the 327 cases studied, a definite record of injury could be 
found in only 61, or 19 per cent Of this group, trauma was referred 
to 48 times m the cases of tumor of the tendon sheaths, or 17 per cent 
In 13, or 30 per cent of cases of tumor involving the synovial mem- 
branes a definite history of previous trauma was obtained Of the 
complete group of tumors reported, 166 had no connection with injury 
or absence of injury Thus, since the presence or absence of trauma 
is not cited in over half of the cases, the aforementioned figures could 
be markedly altered in either direction if more complete information 
were available, and therefore it would appear that they are not of 
much real value from the statistical standpoint 

The occupation of the patients was stated m onl} a few instances 
The location of 62 of the 327 tumors was not recorded, leaving 
265 for which definite positions were stated One hundred and fort)'- 
one, or 53 per cent, invohed the tendon sheaths of the fingers, of 
uhich 72, or 51 per cent, were located on the flexor surface Thirty-four 
of these were on the right hand and 19 on the left, m 19 instances the 
extremit} was not indicated The extensor surface was m^ol^ed 18 
tunes (13 per cent), the tumor being on the right hand 11 times on 
the left 5 times and on an unspecified finger twice Of the remaining 
group, 39, or 28 per cent, were not gnen a definite position as to 'sur- 
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face, and in 12, oi 9 pei cent, the tumoi was located on the medial 
surface, the lateial surface oi a combination of these sui faces Ot 
the gioup that was not given a definite position as to suiface 14 were 
on the light hand, 7 on the left, and in 18 the side was not indicated 
In the miscellaneous gioup, the right side Avas involved 6 times and the 
left once , in 5 instances the side was not indicated The index finger 
was the most common site, 37, oi 26 pei cent of the tumoi s occurring 
there The light index fingei Avas inA'olved 19 times and the lett 8 
times , in 10 instances the side Avas not stated The middle finger iias 
next with 30 tumors, oi 21 per cent The light side A\as affected 18 
times and the left 6 times , m 6 instances the side Avas not indicated 
The lest of the fingers folloAAed m oidei, the little finger slioAViiig the 
least incidence Of the 141 Illinois there Avas involvement of the 
fingeis of the light hand in 65 and of those of the left m 32 In 44 
instances the extremity was not designated 

It appears that the tumors Aveie about equally distributed as to the 
le\el at Avhich they occurred on the fingers HoAveA'cr, m most instances— 
in fact, in 86 of the 141, or 60 pei cent — no level as to position in rela 
tion Avith the phalanges Avas giA'en , thus it is impossible to arriA'e at 


ail} positive conclusion concerning this point 

Of the 81 lemainmg tumoi s of the tendon sheaths ot winch the 
position Avas knoAvn, 37 appeared about the foot and ankle, most often 
on the light side and on the extensor surface Sixteen occurred on 
parts of the hand othei than the fingeis, 13 on the toes, 10 about tie 
wiist, 3 on tendon sheaths about the knee, and 1 each on the leg nn 
elbow Of this gioup 30 ocemred on the flexoi suiface, 23 on tie 
extensor, 7 on the lateial, 6 on the medial, 1 on the medial and latera > 
in 14 instances the suiface was not lecorded Of the 222 tumors o 
known location involving the tendon sheaths, 102 were on the 
surface, 41 on the extensor, 11 on the lateral, 9 on the medial, 4 
flexor and extensor, and 1 on the medial and lateral, 1 include 
surfaces, and in 53 instances the surface was not indicated 
group, 99 were on the right extremities and 56 on the left, m 


instances the side Avas not indicated j 

Of the 43 tumors of the synoxual membranes 13 Avere diffuse 
26 were pedunculated Thirty-seA'en inA'olved the knee, 3 the 
and 3 the tarsal articulations Fourteen Avere on the right, and 


the left In 11 instances the side Avas not mentioned 

In the entire group of tumors of both the synovial membrane 
tendon sheath, the right side Avas involved 113 times and the le t 
times , in 78 instances the side Avas not indicated One hundre 
sixt} -eight tumors Aiere on the upper extremity, of aaIucIi 76 
the right side, and 41 on the left, m 51 instances the side was not 
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fied Ninety-seven were on the lower extremity, involving the right side 
37 times and the left 33 times , in 27 instances the side was not specified 

Of the 327 tumors reported m the liteiature, a record of treatment 
was observed for 243 tumors of the tendon sheaths and for 35 tumors 
of the synovial membranes, making a total of 278 tumors treated 
Local excision was done for 229 tumors of the tendon sheaths, excision 
and cautery for 2, excision and roentgen theiapy for 1, and amputation 
for 11 Of the tumors of the synovial membrane, local excision was 
completed for 24, local excision plus roentgen therapy for 2, synovec- 
tomy for 6 and partial synovectomy for 3 

A record of a follow-up was found in only 153 instances, recur- 
rence was reported m 25, or 16 per cent Among 18 tumors of the syn- 
ovial membrane there were 5 recurrences and of 135 tumors of the 
tendon sheaths, 20 recurred 

A record of the values for blood cholesterol was found in only a 
very few of the cases Mason and Woolston ■*'’ reported the cholesterol 
content of the blood in 3 cases, with readings of 96 mg , 98 mg and 
131 mg per hundred cubic centimeters in the first, 165 mg and 143 
mg m the second, and 185 3 mg m the third Ragins repoited the 
results of chemical examination of the blood in both of his cases The 
concentration of cholesterol was 147 mg per hundred cubic centimeters 
of blood m the first and 177 mg in the second Gorog reported a 
value for blood cholesterol of 131 mg per hundred cubic centimeters 
in his only case Zumtobel reported the value for cholesterol m all 
4 of his cases, these values were 180 mg, 130 mg, 245 mg, and 280 
mg per hundred cubic centimeters respectively Thannhauser and 
Magendantz found the value for blood cholesterol to be 200 mg and 
that for cholesterol esters 160 mg , with a value for total cholesterol of 
360 mg , in their first case In the second the value for cholesterol was 
107 mg , that for cholesterol esters 103 mg and that for total cholesterol 
210 mg These authors were the only ones to report a chemical analysis 
of any of the tumors , the report for the first case w'as total cholesterol, 
9 mg, and total phosphatides, 11 mg per hundred cubic centimeters 
Thus, only twelve reports of chemical study of the blood could be found 
in the literature 

MATERIAL Or PRESENT STUDY 

Since 1919, 70 patients ha^c presented themselves at the Mato 
Clinic with one or more xanthomas of the extremities intohing tendon 
sheaths or stnotial membranes (table 1) Of this group 50, or 71 
per cent, were women and 20, or 29 per cent were men The aterage 
age of the women was 45 jears, and that of the men 43 tears The 
atcrage age of the entire senes was 44 A man and a woman aged 68 
"ere the oldest patients a bot of 16 was the toungest Twentt-two 
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fell in the fifth decade, the sixth decade was next with 14, the fourth 
followed with 12 , there were 10 m the third, 9 m the seventh and 3 in 
the second None were in the first decade 

The occupation of 69 of the 70 patients was recorded Thirty-nine 
were housewives, who are notorious for minor accidents and injuries 
that frequently go unnoticed and untreated The remaining 30 were 
engaged in various occupations, ranging from sedentaiy clerks to 
farmers, laborers in steel and other persons m hazardous positions 
Practically all were engaged in vocations that more or less constantly 
exposed them to the dangers of everyday mild to severe trauma, from 
the constant pressure of a pencil against the fingers in writing to the 
handling of heavy and complicated machinery, the havoc of which is 
seen every day in the dispensaries and outpatient departments 

The weight of each patient was determined It was found that in 
37, or 53 per cent of cases, there was a record of obesity, with an avei- 
age of about 24 pounds (10 9 kg ) overweight per patient 

Thirty-one, or 44 per cent, of the patients had a specific histoiy of 
trauma, 14, or 20 per cent, had arthritis in the involved extiemity, and 
6 had a history of both infection and trauma, making a total of 39, 
or 56 per cent, with either an infectious or a traumatic backgiound 
In 62 cases there was a record of the duration of the tumor, the 
average being six years and one month The longest duiation was 
twenty-eight years, there were 2 patients, 1 of whom had a tumor of 
the left middle finger and 1 who had xanthomas of the light and left 
achilles tendons and the left plantar fascia The shortest duration was 
one month , the growth was a tumor of the right middle fingei 

In 70 patients observed there were 88 tumors Sixty-five patients 
had 82 tumors of the tendon sheaths, and 5 had 6 tumors of the synoi lal 
membranes There were 4 patients uith 2 tumors each and 2 with 3 
tumors each Two patients had 6 each Sixty-four of these lesions -were 
located on the upper extremity and 24 on the lover Of those occuning 
on the upper extremity, 54 were on the fingers, 6 on the hands 3 about 
the elbow and 1 on the wrist In the lower extremity, 15 weie located 
m the tendon sheaths about the foot and ankle, 2 about the knee, 1 on 
a toe and 6 in the synovial membrane of the knee Sixt\ vere on the 
right side and 28 on the left The flexor surface vas in\olved 28 
times, the extensor 37 times, the medial 3 times, the lateral 4 times and 
the flexor and extensor twice In 8 instances the surface was not indi- 
cated Thirty-eight of the tumors involving the tendon ‘^heaths of the 
fingers vere on the right extremity, and 16 vere on the left , 20 occurred 
on the flexor surface, 17 on the extensor, 4 on the lateral 3 on the 
medial and 2 on the flexor and extensor In 8 instances the surface vas 
not indicated The middle finger was the most common site with 19 
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tumors , the index uas next with 12, and this was followed by the thumb 
and ling fingcis with 8 each and by the little finger with 7 In 17 
instances the tumor was situated on a level with the distal phalanx, in 
15 it was opposite the proximal phalanx, m 9 it was opposite the middle 
phalanx , in 0 it w as over the distal joint , in 5 it was over the middle 
intei phalangeal joint, and in 1 the level was not recorded The remain 
mg tumois of the tendon sheaths W'ere located as has been described 

1 he tnmoi s of the sjmovial membrane were found in the knee, and 
onh 1 w l^ a leal diffuse xanthoma One was diffuse but limited totbe 
snprajiatc !hi pouch, and the remaining 4 were pedunculated The 
light kiic( was incohed twice, wuth 2 tumors, the left 3 tunes, with 4 
tumors 

Tw'eh' ot tlie patients on their first visit to the clinic presented a 
recuirent lumoi In 10 theie had been only one recurrence, in 2 there 
had been two lecuuences The pievious operation had been done uom 
SIX clajs to ele\en years before the patient arrived here In 7 patients 
the intenal between operation and recurience was knowm, the a\era 5 ,e 


aiipioximatmg one j'eai 

The history elicited was usually the same, the patients complaining 
ot a slowdy gi owing, painless mass, seldom causing any disability exc P 
wdien the bi/e w'as sufficient to produce mechanical block of the moi 
of a joint In some instances it was pieceded by injuiy, but often no 
history of a definite injury could be elicited Frequently the 
came for operation with the feai of a malignant lesion as his pn 
1 eason , m other instances treatment was sought only for cos 
purposes The feai of a malignant lesion in most cases was 
suspicions laised by the patient’s family physician 
biopsy had been done, with the usual diagnosis of sarcoma, an 
physician had advised the patient to have the extremity ampu 

On physical examination the usual pictuie w'as that o 
cutaneous firm mass of vaijung size and shape, not tender P 
and located m the vicinit}’- of the tendon sheaths oi on them 1 
The oveiljing skin was unattached, but evidence of attacim 
deepei stuictures w^as piesent Even if it was evident that the ma^^ 
fastened to the sheath, motion of the tendon in the sheath va 
hampered There was nevei any ulceration of the skin or si^i H^eat, 
or genei al metastasis, and m only 1 case w as there a record o 
this occurred in a tumor of the ankle seen during the past 
been preiiously operated on and had received much loca 
subsequently The signs and symptoms observed m the ue 
those ot anj internal derangement of this joint negat"^ 

The results of routine laboratory tests w^ere all essentia J 
wuth regard to this condition In 12 cases the values for 
hpoids were determined In 10 of these the values for blood ci 
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cliolesteiol esters, lecithin and total fatty acids were also determined, 
and in 2 the values for cholesterol esters and lecithin were not recorded 
In 1 case of the 10 a second determination was earned out after two 
months of a cholesterol-free diet The normal for these substances 
as detei mined at the Mayo Clinic is given in table 2 Using the ratio 
of the mean normal value of cholesterol and cholesterol esters as a 
standard (14), we determined the ratio of these values foi each patient 
to see whether there was any vai lation In 6 patients there was an abso- 
lute elevation of the value for total blood lipoids In 10 cases the ratio 
of cholesterol to cholesterol esters was determined, in 5 there was an 
increase in the ratio and in 3 a decrease, and in 2 the ratio was normal 



Fig I — X^nthoma in\oIving the extensor tendon sheath of the right index 
finger 

In all but 2 cases, then, theie was cither an elevation of the absolute 
^alucs oi a disturbance in the cholesterol-cholesterol ester ratio It 
IS interesting to note in the case of the patient who had been on a 
cholesterol-free diet that although the absolute \alues had returned to 
normal the latio of cholesterol to cholesterol esters remained the same 
(table 2) 

Si\tv-nine of the 70 patients a\erc treated surgicallv at the Maao 
Clinic One patient came here after operation had been completed at 
home bringing iMth him the tissue that had been excised After the 
diagnosis had been established, the patient Mas gnen a course of 
roentgen treatment Sixtv-seien patients were treated bi local excision 
alone and 8 Mere guen roentgen treatment in addition to local excision 
This Mas done onl\ Mhen it Mas felt that all of the tumor had not been 
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or could not be completely removed In 1 case of diftuse xanthoma ot 
the knee, a synovectomy was done In 9 a recurrence is known to haie 
taken place, and m 5 of these a second excision was carried out, in 1 
of these the patient received, in addition, a course of roentgen treat 
ment 

Most of the tumors were easily shelled out intact and without 
much damage to the surrounding tissues In some instances (for 
example, case 62) m which the tumor was diffuse and infiltrating, com 
plete 1 emo\ al w as not possible, and in case 66 a marked invoh ement of 
the achilles tendons made it necessary' to do a secondary plastic opera 
tion on the tendons In nearly' all cases excision was carried out luth 
the legion under local anesthesia and with a tourniquet 


T 'uiLE 2 — Blood Chouislty of Patients with Xautiwwa 
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The size of the excised tumors was determined in 74 instances ^ 
56 tumors of the upper extremity the average size was 1 5 by ^ ^ 
Of 18 tumors involving the lower extremity' the average size I'S® 
by 4 cm The average size for the entire group was 2 5 by 2 cm 
Grossly these tumors appeared as round or ovoid, practical!} a 
lobulated, well encapsulated solid masses, moderately firm to quite 
varying from grayish yellow through yellowish brown to re 
brown A tumor might show all these colors, or it might sbo" 
one Some, particularly those about the ankle, showed no 
capsule, and some were of a rather infiltrating nature This, ^ 
was the exception and not the rule They cut ivith increased resis 
depending on the relative amount of fibrous tissue, cellular 
fat The cut surface revealed the same varieties of color as 
outer surface, and in addition each lobule was outlined by " ^ 
strands of fibrous tissue extending inward from the capsu e 
interlacing manner (fig 2) 
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Microscopically, their appearance A'aried (fig 3) Certain definite 
characteristics, however, were nearly always observed, for example, 
foam cells, foreign body giant cells, pigment and fat The cellular and 
fibrous elements were always the same, but m some the fibrous tissue 
predominated and in others the cellular constituents were foremost 



Tig 2 — Gross nppearance of a diffuse xanthoma remo^ed from the supra- 
patellar pouch 

In some the fibrous elements were predominant in one section, and in 
the next the cellular elements might make up the greater part of the 
section The fibrous tissue aaried from fine strands of tis'^ue to hcaeier 
and denser poitions In some an osteoid-appearmg tissue was present 
hut closer cxaiiimation rctealed aer} dense fibrous tissue 

The txjx. cell ot the stroma was in all instances the same ffu^ -1) 
It was pohhcdral o\ il or round containing one nucleus that \ as 
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Fig 3 — Xanthoma showing large numbers of foam cells in the ng t si 
section and cholesterol clefts in the left side Fibrous and cellular stroma 
several foreign body giant cells are present X 60 
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Fig 4 — Xanthoma, showing the shape and structure of a jurroim** 

cell, with characteristic cytoplasm and manj endothehum-hke niic ei stainir" 

ing tissue shows typical endothelium-like stroma cells with tieir 
nuclei and prominent nucleoli X 440 
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usiialh large and cillici loiiiul oi <nal Each miclciis stained lighth 
and contained one and sometimes h\o d.iikh stained nucleoli The 
cjtoplasin of these cells took the tosm stain f.iinth and uas rather 
homogeneous and shgluh granular 1 hese cells looked not unlike endo- 
thelial cells and ueic ai ranged iisualh in solid masses, separated onl\ 
b\ tlie intci lacing strands of fibrous tissue Some spindle cells were 
present in small miinbets, and \er\ few ]X)h morphonuclcar leiikoc}les 
uere obscrecd in ain one section Mitotic figures were seen onl}' on 
rare occasions and in onl\ 12 of the tumors I lie tjpe cell did not show 
the poh morphism, poheliroinatophiha or atjpical mitosis characteristic 
of malignant tissue Xo tunioi giant cells weic found in ain one 
section 

Foam cells were found in all but S tumors (fig 3) These cells 
were of ^ar\lng size and shape, their c\toplasm had a granular, foamj' 
appearance, and the nuclei were smaller than those of the type cell, 
haling a shrunken pjknotic appearance J here rarely was more than 
one nucleus, and it took a heaeicr stain than did the tjpe cell The 
foam cells were found in \arjing amounts, from tiny groups to collec- 
tions so large that thc\ made up practicalh the entire cellular content 
of the tumor In some sections they were seen onl\ on the penphere , 
in others the) were scattered throughout the tumor 

Giant cells of the foreign body t)pe were found in all but 1 (fig 4) 
They varied m size and shape, but a rectangular cell seemed to pre- 
dominate Their nuclear content vaiied from tw'o or three per cell up 
to tW'o hundred oi more These cells were found m large numbers in 
close approMmation to hemorrhagic regions, pigment and regions show- 
ing cholesterol crystals 1 hey w'cre numerous m some sections, showing 
as many as fiftt-two per low' power field In some sections only a few 
could be found in the entire lesion Their cytoplasm Avas pink and 
homogeneous, w'lth nuclei that resembled those of the cells of the 
stroma , m other w'ords, they looked like endothelial cells Each giant 
cell was usually seen lying in a clear space, but in some cases they were 
in direct apposition to the stroma of the tumoi 

In all the sections except one the presence of hemosiderin pigment 
w'as revealed by the iron stam method The pigment content varied 
from small amounts to amounts sufficient to fill the section heavily 
throughout It was chiefly intracellular, the stroma cells m many 
instances revealed large deposits Innumerable giant cells displayed 
intracellular pigment, and in nearly eveiy section in which foam cells 
were present, from a few to the entire group, intracellular pigment 
was seen, and in some these cells w'eie heavily laden w'lth pigment 

(fig 5) 
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Every section studied displayed the presence of fat when stained 
by the scai let i ed method The fat varied from very small amounts to 
amounts sufficient to load the section It too was chiefly intracellular, 
and the largest amounts, of course, were within the foam cells Some 
of the foreign body giant cells also showed some intracellular fat 
Twent) -eight tumors displayed cholesterol crystals, seen principallj 
in the foam cells (fig 6) Ten tumors showed cholesterol clefts 
Four sections showed both cr3'stals and clefts, thus 34, or practical!) 
50 per cent, revealed the presence of either cholesterol crystals or them 
clefts 



Fig 5 — Xanthoma, showing the pigment content of the foam cells and the 
deposits m the stroma cells X 200 

Theie was evidence of a good blood supply m all the 
course this varied a great deal, but in every one small blood vesse 
be found about the periphery, and in some larger vessels were 
In a large number, in addition to the peripherally arrange ^ 
numerous small blood vessels and sinuses were distributed t iro 
Innumerable sections showed scattered hemorrhagic regions 
An attempt was made to grade these tumors according 
relative cellular and fibrous content, foam cell content, giauf ^ 
tent, fat content and pigment content A tumor was ^ 

4 if it showed more than 75 per cent cells or more than 
fibrinous tissue , for example, grade 4 cellular If 
fibrous content made up 50 to 75 per cent the tumor was de « 
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as grade 3 Ol coin^c il a tiunoi gi.ulc 3 ccllulai, it must be giade 
1 fibrous and mcc W iien llic mmoi consisted of ccjual parts of 

cells and fibrous tissue it was called giadc 2 libious and cellulat 'J he 
tumors weie graded also on a basis of peicentagc of foam cells, giade 
1 being a tumor made up of 1 to 25 pei cent foam cells, grade 2, 
25 to 50 per cent , grade 3, 50 to 75 pei cent, and grade 4, 75 to 100 
per cent '1 bee w ere graded as to fat content on a similar rating 
The giade according to content of foicign bode giant cells W'as figured 
on the following basis 'Jumois m which there .appealed onl)^ a few' 
of these cells were designated as gi.ade 1 , those showang one to seven- 
teen per low power field as gi.ade 2. those with eighteen to thirtc'-five 



Fig 6 — Xanthoma, showing foam cells containing intracellular fat and cholesterol 
cr} stals Scarlet red stain , X 200 

per low power field, as grade 3, and those in wdneh thiity-six to fifty- 
two per lower power field were seen, as grade 4 Grading according to 
the pigment content was decided by the following method Sections 
showing small isolated amounts up to small amounts of pigment scat- 
tered throughout were designated as grade 1 , sections showing small to 
moderate amounts scattered throughout, as grade 2, sections with 
moderate amounts throughout, as grade 3, and sections with large 
amounts throughout, as grade 4 

A summary of these gradings is given in table 3 and is self explan- 
atory Sixty-eight tumors were thus examined histologically and 
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graded, 5 of them being recurrent lesions It is of interest to note 
that the recurrent tumors usually showed the same relative amounti 
of the vaiious constituents as had the original tumor 

A chemical analysis of these tumors was possible in only 3 cases 
(table 4) 

Follow-up studies were obtained on 61 patients In 9 instanceb 
no record of the result was obtainable , in 7 of these treatment had 
been i ecent, and the interval since operation was too short to make the 
results of any value at this time One patient died of septicemia after 
operation In the entire group there were 9 recurrences, a total of 12 
pel cent In 3 patients, although there was no recurrence at the site 


Table 3 — Summary of Conshiucnts of Xanthomas 


Constituents 

Cells 

Fibrous tissue 

C< 11s and fibrous tissue 

Foam cells 

Foreign body giant cells 

Pigment 

Fat 


Absent Grade 1 Grade 2 Grade S 

16 

17 

12 

8 40 9 5 

1 13 45 C 

1 26 27 7 

42 9 5 


Grade 4 bo Slide Totsl 
IS 0 



Iable 4 — Peiccntage Lipoid Content of Xanthomas 
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of the previous operation, similar tumors appealed at other sites, 
in all instances these new appearances took place on the finger 
on the palm 


and 

and 


REPORT OF CASES 

A report of a few cases illustrating most of the tipical findi % 
this class of tumor will now be presented ^ 

Case 32 — A housewife aged 50 was admitted to the Majo 
1933, complaining of a mass on the end of the right index finger o s 
duration Her family history and past medical history were prer^rt 

laboratory findings were essentially normal The patient stated ^ ® 
tumor had appeared shortly after the finger had been caught in an e jjcgbihr 
Growth had been slow, and the tumor was jiainless and caused 
On examination two firm, o^al masses, the larger located on the ex 
and the smaller on the flexor surface of the index finger, were foun fpotiC’ 
limited to the distal phalanx There was no tenderness or local g fiin'iJ'’ 

of the joint was not limited On September 7 tw'o growths were ex 
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1 cm in diiinctcr, from tiic cMcn-Jor 'iirncc, niul i tumor 6 mm in (Inmctcr, from 
the flexor «urfncc A letter rtccncd from the piticnt m Septemher 1938 stated 
tint there Ind been no recurrence of the tumor at the ■site of the prciioiis operation 
but that similar masses had appeared on othei fingers 

Casf oS — \ mm aged *19 \\as admitted to tlic Majo Clime on Jiilj 15, 193a, 
complaining oi a painless mass on the end of the right middle fingci Ihc family 
history and past medical history were irrclcyant The results of routine laboratory 
tests yycrc ncgaliye. The patient related that at the age of 15 she had pinched the 
end of this finger scyercU in a pump handle Fne >cirs before admission a small 
mass Iiad appeared in this region and had since been sloyylj increasing m sire 
The patient yyas curious concerning the nature of this groyyth and for this reason 
and cosmetic reasons yyislicd to hayc it remoyed On examination a small, firm 
mass about the circ oi a pea yyas found on the extensor surface of the distal phalanx 
of the riglit middle finger, toyyard the ulnar side Ihere yyas no tenderness, local 
heat or interference yyilh iiiolion of the joint or of the tendon On July 19 a 
round, yelloyyish, firm tumor 7 mm in diameter yyas excised Ihc yyound healed 
bj pnmary intention, and the patient yyas dismissed 

On June 21, 1938, this patient returned \yith a similar mass at the site of the 
preyaous excision, yyhich she stated hid made its appearance about one >car after 
the operation 'Ihere yyas some pain The patient said that the tumor had been 
groyying sloyylj She stated that she yyas accustomed to doing a moderate amount 
of seyying, that she yyorc a thimble on this finger and that the thimble possibly 
irritated this region The phjsical findings yycrc similar to those recorded on 
her first yisit The y allies for blood hpoid yycrc delcrmineu, that for cholesterol 
"as 321 mg, that for cholesterol ester 208 mg, that for lecithin 278 mg, that for 
total fattj acids 368 mg and that for total lipoids 689 mg per hundred cubic 
centimeters of plasma The cholcstcrol-cholcstcrol ester ratio yvas 1 54 1 On 
June 27 a second excision of a similar tumor yvas performed (fig 7) The yvound 
healed quicklj, and the patient yvas put on a loyv cholesterol diet and dismissed 
No further record of this patient has been available 

Case 15 — A farmer aged 56 came to the Majo Clinic on Dec 4, 1923, complain- 
mg of syvelling, stifTncss, soreness and a burning sensation of the right ankle His 
past medical history yvas irreleyant He said that his mother had had a similar 
mass for forty years He stated that thirty-five years previously his right foot and 
ankle had been caught betyvecn tivo logs and severely bruised There yvere pain and 
discoloration of the foot and ankle for one month, but no more trouble until six 
years previously, yvhen he noticed that this ankle yvas larger than the other There 
was no pain or tenderness at this time, and function yvas not impaired The ankle 
sloyvly increased in size and became progressively yveaker , he noticed the yveakness 
particularly after too much use After prolonged rest and in the morning it was 
stiff and sore, and recently a burning sensation had appeared in the overlying skin 
On examination a fairly firm soft tissue mass of moderate size yvas found over 
the medial and lateral surface of the ankle, and this appeared to be connected 
posteriorly to the posterior tibial tendon There yvas only slight tenderness, and 
there was no local heat On December 14 the tumor was excised It originated 
apparently from the posterior tibial tendon behind the internal malleolus and 
extended behind the tendons and nerves to the fibula, causing the achilles tendon 
to bulge for about 8 to 9 inches (20 to 22 cm ) It involved the plantai structures, 
extending yvell doyvn into the ball of the foot, and spread oy er the external malleolus, 
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fi'rnuns a tiimm here connected with the peroneal tendons The posterior tW 
net\f \\a> eompletelv surrounded bj the tumor mass and had to be dissected free 
l!u tumor wii removed en masse (fig 8) Tlicre were no postoperative coraplra 
tiuiiv ind coimkscence was unevenirul The patient was dismissed in good 

COlirlltl >n 

On Oct 24 1927, he returned, stating that three and one-half months previousl) 
^ in Its Ind appealed over the external malleolus and had grown slovvl) toward 
the hi ci A mailer mass had appeared behind the internal malleolus He stated 
tint hi had --iHip pain in the ankle at night after overuse On examination a nia'S 
wav p dp ibk <)\ Cl the external malleolus and a smaller one posterior to the internal 
mailt ulus llure was limitation of motion ol the ankle in all directions On 
Octobi 1 _,s a viiond operation was performed At this time the tumor was found 



Fig 7 (case 38) — Xanthoma of the tendon sheath of the finger, she 
interlacing strands of fibrous tissue separating the typical endothelium i 
cells and several foreign body giant cells X 200 


to have extended into and destroj'ed the tibiotarsal joint capsule on i 
and lateral aspects and had extended up the peroneal tendons and 
of and up along the inner side of the foot It was impossible to excise 
eompletelv On November 11 and December 2 roentgen treatments w^ 
Convalescence was uneventful, and the patient was dismissed A , jj,ti not 
from him in June 1928 described some pain and swelling of the anke 
sav whether the growth was increasing No further word has been re 

Case 51 — \ student aged 19 was admitted to the Mavo Chnic on ^ ^ 
complaining of a painful knee on weight bearing His pa^t medical ^ ^ 
historv were irrelevant He stated that three v'ears previoush be ha 
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kiice «e\cnl times while pheinq: loollnll iiid tint diiiinp: the just two \cTrs I,t 
had Ind attacks of pain in the k ice after aiu twisting; of the joint and on kneeling 
There was no locking \ cist had been applied four weeks prioi to aunnssion and 
was still on when he armed here On plnsieal e\annnatioii theic was giade 1 
atropln ot the quadriceps niiisclc on a basis of 1 to -1 rie\ion w is limited to SO 
degrees, there was no instnbihts, and on the medial bordci of the patella .a loose 
bod\ could be palpated and rolled under the finger 1 he concentration of blood 
lipoids at this time was as follows cholesterol, 126 mg , cholesterol ester, 89 mg , 
lecithin 172 mg , total fatt^ acids, 25! ing , and total lipoids, 377 mg per hundred 
cubic centimeters of plasma 1 he cholesteiol-cholcstcrol ester ratio was 1 41 1 
On June 4 the light knee was c\ploied When the s\no\ial membiane was 
opened the paljiable nodule which was about the sire of a hm i bean was found 



Fig 8 (case IS) — Xanthoma of the ankle, showing the typical cell and foam 
cells X 200 

attached to the sjnoeial membrane on the medial side and hanging into the joint 
space Osteochondritis dissecans of the medial condyle of the femur was present 
The semilunar cartilages were not involved The synovial membrane was somewhat 
thickened, and there were numerous small yellowish spots on its surface The 
tumor was analyzed chemically, and the following values were obtained cholesterol, 
3 per cent , cholesterol ester, 2 6 per cent , lecithin, 2 9 per cent , fattj acids, 4 per 
cent, and total lipoids, 7 per cent The wound healed by primary intention, and 
recent word from the patient is that he is steadily improving 

Case 70 — A woman aged 36 was admitted to the Mayo Clinic on Jan 4, 1937, 
complaining of pain and swelling of the right knee of several years’ duration The 
family history, past medical history and laboratory findings were all noncontributory 
This patient had a long history of repeated trauma In 1916 or 1917, while running 
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hard and attempting to jump a wire fence, her toe caught in the wire and she lell 
w'lth all her weight on the right knee This accident w'as fol'owed b\ moderate 
soreness and stiffness in the knee for about a W’eek, but she was able to get about 
One year later the knee was struck a terrific blow' bj' an ice hocke> stick Thn 
was followed by some stiffness, soreness and swelling for a few dajs 

The patient had no further trouble until August 1929 At this time she noticed 
a soft, painless lump about the size of a walnut on the lateral aspect of the knee, 
just below' and lateral to the inferior pole of the patella The mass was moraHe, 
and on flexion of the knee it became larger and “rode up” higher on the knee. 
Within about two w'eeks it increased to the size of a hen’s egg and became hard. 
Light therapy was used, and a tight elastic bandage was worn for two weeks 
The patient was free of symptoms until March 1930 At this time, on stepping 
down from a curb, the knee was sharply twisted internallj, the leg being 



Fig 9 (case 70) — A, lateral roentgenogram of a knee 
xanthoma of the synovial membrane , B, anteroposterior roentgenogram of® 
knee 

stationarj The patient experienced a slight twinge of pain and a 
sensation but was able to walk with only a slight limp She w'ent to a P 
at this time, and with a diagnosis of dislocated cartilage the knee w'as manip 
During all this time the mass on the outer side of the knee was increasing 
In March 1931, while the patient was getting off a streetcar, th. k ^ 
again tw'isted, and she fell to the street This accident caused sec ere 
marked swelling, the knee reaching its maximal size (about twice norma 
one hour The patient had at this time a burning sensation in the knee, w 
hot to the touch Weight bearing produced excruciating pain, and the pa 
required to remain in bed for seceral dajs Pain and stiffness di app ^ 
about tw o \\ eeks, but sw elling never disappeared About one clickir? 

similar attack w as brought about during dancing, and at this time a de ni 
sound was perceptible in the knee Svmptoms were again marked requ 
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in bed for se\cnl dn\s Tin. knee rcluiiKd lo ncinnl (c\cc|)t for swelling) in 
ibout Iwo weeks rile nc\l \enr there wcic two more episodes of slipping, with 
tlie same s\inptoms In 1032 nftcr i treatment b\ a nnssense, she had an 
exacerbation of s\mptoms requiring rest in bed, this time for two weeks After 
this she constanth wore an clastic knee cap, and for the next two \ciis she had 
this “slipping out" of the knee on an a\crige of ahout c\cr\ two to three months 
The mass on the lateral side of the joint reached its maxim il si7C (tint of a large 
ben's egg) in 1934 and b\ this time had ittaiiied the hardness of a rock In 
August 1936 another attack was precipitated b\ wearing high-heeled shoes, and in 
No\ ember of the same jeir an attack occurred spontancousK From that time 
on the patient had onh slight twinges of pain m the knee and there were no more 



Fig 10 (case 70) — Gross appearance of synovial membrane removed for a 
diffuse xanthoma of this structure Note the deeply pigmented villi 

slipping episodes She always had full range of motion except during these attacks, 
and there never had been any locking 

On examination the right knee was 1 5 cm larger in diameter than the left 
(fig 9) There was marked crepitation in the joint on motion A thickened, 
fibrous mass was palpable lateral to the patella There were apparent thickening 
of the synovial membrane and evidence ot fluid m the joint The palpable mass 
slipped in and out of the joint on flexion and extension There was no tenderness 
or local increase in temperature On Feb 17, 1937, w'lth the knee under a tourniquet, 
a short incision was made along the medial side of the patella and the patellar 
tendon When the synovial membrane was opened, some brownish fluid escaped, 
some of which was sent for culture and was later reported steiile A nodule the 
size of a large bean appeared in the wound immediately it was opened The 
surrounding membrane was brownish, and there were long, stringy villi The whole 
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membrane was thickened and had the same stiingy \illi The cartilages on the 
surface of the joint were slightly but not completely eroded Tne semilunar 
cartilages appeared to be in good condition A complete synovectomy was performed 
(figs 10 and 11) A cast was applied from ankle to groin Ten days later the 
cast was removed, and the patient began passive motion with the aid of an arthro 
plasty splint On March 1 one roentgen treatment was given Finallj', on March 16, 
owing to poor progress in attaining motion, the knee was manipulated, with the 
patient under anesthesia From then on motion gradually increased, and the patient 
was dismissed on March 23 with motion in the knee slowly improving This patient 
was seen at the Mayo Clinic in May 1938, with no evidence of any recurrence She 
said she had had trouble limbering up the knee, but at this time, there was fuH 
range of motion There was no evidence of synovial thickening 



Fig 11 (case 70) — Xanthoma of the synovial membrane of the knee, s 
large numbers of foam cells m the left half of the section ana the typica 
thehum-hke cells of the stroma in the right half X dOO 


COMMENT 

As has been brought out m the foregoing sections, 
slowly growing, painless tumor, usually taking years to devc op 
years and one month on the average in the cases reviewed m t 
ature and five and a half years m our own cases) It causes 
ability except when it becomes large enough to interefere 
with adequate motion of the joints or proper function of tie 
ities It vanes in size and shape but in most cases is a ^gllef 

oval lesion, averaging from 2 5 to 3 by 2 cm It is j,,;. {cd 

when it occurs on the hands and finger than when it occurs on 
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and ankle*: It occtiiN on the uppei i\l!ennt\ tuo to tliiec times as 
often as on the lowti in\oI\ini;[ the* linj^ci most fK{juenll\ ft is most 
common on the nuk\ and middle Impels as is shown h) both sciies 
of cases In the cans eolleeted fiom the hleialme the flexoi sui face* 
was iinohcd 102 times and the c\tensoi sin faec 41 times In oin 
group of cases the tlcxoi sin face was invohcd 28 times and tiie* extensor 
surface 37 times In the combined expciienees the flexoi sin f<ice was 
imohed 130 times and the cxtcnsoi snifaec 78 limes Although 
numeious w liters ha\e said that these tnmois ncaily alwais occni on 
the flexoi sin face the\ certainl) nnisl ha\e based then conelnsions 
on onh a few cases as these figtncs show It is concenable that the 
tumors probabh aiisc most often on tlie flexoi sin face, foi this is the 
surface that is most ficqnenth the site of tiauma, howc\ci, w’e must 
conclude that both sui faces aie aflectcd and the suiface on wdiicli 
the growth occurs cannot be used as a criteiion foi diagnosis 

Etiology — Age and Sex 4 he average age of the patients in the 
senes collected from the literature was 37 5 jears, as compaied with 
an a^erage of 44 ycais in oni own gioup of patients The gieatest 
number fell in the thud fourth and fifth decades In those patients 
seen at the Ma 3 o Clinic the largest niiinbei fell in the fouith, fifth and 
sixth decades In the cases renewed heic there w'ere 71 pei cent women 
and 29 per cent men, while in those in the literature there weie only 
55 per cent women and 46 per cent men Fiom these figuies w'e can 
conclude that the two sexes are about evenly involved, the female 
predominating a little We can also conclude that the average age is 
about 40 years, howcvei, no age is immune, foi tumors in a patient aged 
82 ha\e been reported by Malheibe,” and Gariett''^ spoke of a con- 
genital tumor 

Heredity The genetic factor pla 3 '^s a doubtful part, for we were 
able to find onl 3 * 1 case in wdnch it was present The mother of the 
patient, treated here, had had a similar growth for forty yeai s Thann- 
hauser and Magendantz reported the cases of 2 patients who weie 
brother and sister It appears, however, that this phase of the subject 
has been w'oefully neglected, and perhaps if the antecedents of these 
patients could have been thoroughl 3 ' investigated, some factoi linking 
the two together would have been discovered m man 3 '^ more cases How'- 
cver, at present and from a statistical standpoint, this factoi in the 
causation of this growth must be discarded 

Occupation There is little help from the literature on this scoie 
for the occupation was listed too infrequently to be of value and when 
't was mentioned most of the writers disagreed on the part played hy 
>t Of the patients obsei\ed here, ovei 50 per cent w'eie housewnes 
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and pel sons leading active lives, so perhaps occupation does play a 
larger pait than most students of xanthoma are wont to believe 

Tiaunia Many aiithois, such as Tourneux,^^ Beekman,® Broders;’ 
Buxton, janik,'"' Mason and Woolston,'"’ King,® Razemon and Bizard,® 
\oung and Hams,®® Grant and Stewart,®* Kurtz,®* and Garrett,*Miaie 
St ittd the bcliet that trauma plays an important role m the pioduction 
ut llusi giouths The lecords m the literature are scanty Inlets 
tlian h ill ot the eases collected fiom it, a history of trauma was ioun 
thus probably if there had been a record of the absence 


m 1*^* MM If nt 


liaie 


o! j-iKMint Ml mjuiy 111 all cases the figuies would probably 
itdcln d about 40 per cent, for of the cases collected here such a udory 
was o'at. 111(1 in 44 pei cent The more frequent occurrence o 
tumors on die Imgeis and hands than on the forearm and arm an on 
the fee* and mkks than on the rest of the extremity seems ^ 
stantiate diH rw The probability is that the trauma responsi e 
the appeal aiRt ot these growths is so mild, chronic or constant 
the patient hesitites to provide the mfoimation, feeling it 
little impoitance, and the examiner m most instances fails to eici s^^^^ 
data, for the same leason In the same manner, infection 
extremity can be ascribed as a factor We were able to fin w 
of such infection in 23 per cent of our cases Therefore, it j, 

tiauma principally, and possibly infection, or both are the inos 
tant secondary factors in the production of these tumors, no 
maiming trauma, but mild, unnoticeable constant injury con 
wuth the daily routine of life Zumtobel '® and others iwo 
that infection oi trauma plays a part in this condition, hoiveie , 
face of opposition we remain steadfast in our belief 

Lipoid Metabolism in the Pi eduction of Xanthoma 
a great controversy arises as to the importance of considc'' 

metobohsm m the causation of these tumors ®‘ Let us q,j^gj.g are 
what IS known about this subject up to the present time 
three mam groups of lipoids usually recognized in the oo 
a part in the metabolism of the body functions first, gerebro 
strict sense, consisting of the nitrogenous phosphatides 
sides, the phosphatides being the so-called lecithins, cep 
sphingomyelins They are practically never found m ^ 
but occur m connection with one another or with adrcn^^ 

of the group They are found principally m the brain 
cortex and are part of the fatty substances found m the orga 

96 Young, F, and Hams, C T Complete Excision ana 0(0 

Both Achilles Tendons for Giant Cell Xanthoma, Surg, Gjnee 

(Nov) 1935 

97 Geschickter, C F Lipoid Tumors, Am J Cancer 


21 617-641 (Hi') 
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nal scciction Ihc second gionp jncludcs cholcstciol and its fatty 
acid esteis, cliieflj found in the adicnal coitcx and the glands of 
internal secretion The third gioup includes the ghcciin esters, or 
neutral fats, iihicli form the bulk of the fatt\ tissues of the body 
(Aschoft,'’® Thannhausei and Magendant/ Games''”) Cholesterol, 
a h 3 drophilic colloid, was fust isolated fioiii gallstones b}' Comadi^®” 
in 1775 It IS the chief membei of the steiols with the foi inula 
C_-H^_OH, IS an essential constituent of all li\nig cells and is obtained 
chiefly from food but in pait, accoiding to Ingiani,’®* it may be synthe- 
sized m the bod}’' (Bodansk} , Campbell,^'’’' Stewait'”') Its con- 
nection with ^antllonlatous changes was fiist pointed out by Piiikus 
and Pick 111 190S, and again in 1910 by Chauflaid 

All these constituents aie insoluble in water, thus the) exist in 
the serum not ni a dissohed form but in that of a finely dispeised stable 
emulsion In oidei for these constituents to cair}' out then noimal 
functions m the bod}' their physical state must be maintained at all 
times This stabiht} of the emulsion is mamtamed by the proportions 
between the \anous lipoids and the albumin of the seuim If the con- 
centration of any one element or of several elements is alteied, the 
result, according to the law's of colloid chennsti}, is a disturbance of 
the stable aqueous emulsion , the pai tides become coarser, the emul- 
sion separates and finally, w'hen conditions aie suitable, there is a pre- 
cipitation of one or all of the individual constituents and various lesions 

98 Aschoff, L Lectures on Patholog\, New York, Paul B Hoeber 1924, 
PP 1-33 

99 Gaines, M T Xanthomatosis, with Report of Case, South M J 26 
489-496 (June) 1933 

100 Cited by Bodansky 

101 Ingram, J T Xanthomatosis Cutis and Hypercholesterolacmia Brit J 
Dermat 39 335-346 (Aug -Sept ) 1927 

102 Bodansky, M Introduction to Physiological Chemistry, ed 2, New York, 
J Wiley & Sons, Inc , 1930, pp 83-84 

103 Campbell, J M H Critical Review Cholesterol in Health and Disease, 
Quart J Med 18 393-422 (July) 1925 

104 Stewart, M J On the Cellular Reactions Induced by Local Deposits of 
Cholestenn in the Tissues, J Path & Bact 19 305-314, 1914-1915 

105 Cited by Rowland, R S Anomalies of Lipid Metabolism (Constitutional 
Pathologic Lipidoses), in Christian, H A Oxford Medicine, New Yoik, Oxford 
University Press, 1931, vol 4, pt 1, pp 214(3) -214 (109) , Xanthomatosis and the 
Reticulo-Endothelial System Correlation of an Unidentified Group of Cases 
Described as Defects in Membranous Bones, Exophthalmos and Diabetes Insipidus 
(Christian’s Syndrome), Arch Int Med 42 611-674 (Nov) 1928 

106 Chauffard, cited by McWhorter, J E, and Weeks, C Multiple Xanthoma 
of the Tendons, Surg, Gynec S. Obst 40 199-206 (Feb) 1925 
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oi diseases lesult, depending on the Itpoid that is precipitated f'Blocli)” 
How the body maintains this constant level is not known, but Blodi,“' 
Campbell, McMeans and many others concluded that the liver 
is the seat of contiol of this mechanism McMeans concluded that 
the adienals also play an important pait 

The determination of any one constituent is not of much value, alt 
must be detei mined quantitativel}^ and, above all, the latio of the free 
and bound cholesteiol must be known, for a disturbance in this ratio 
will altei the state of the stable emulsion and allow precipitation of 
one or moie of the several blood hpoids Bloch,^®^ Schaaf and Wer 
ner 108 and Tate’^^® stated that it is of more importance to know the 
lelatne rallies of the hpoid content than to know the absolute values 
and that hrpeicholesteiemia does not mean much if all the other 
elements aie piopoitionally inci eased but that, if the ratio between the 
■various constituents is altei ed, the factors necessary for the precipita 
tion of the substances into the tissues are present It will be noted 
that of our cases in which the values for blood lipoids were determine , 


just such an alteration was observed in all but 2 

In the various diseases which result from disturbed lipoid meta 
ohsm, the lipoid that is deposited differs in each case For 
in Gauchei’s disease the cerebrosides are deposited, in Nieinann- ic 
disease the phosphatides are deposited, and in Christians 
and in the sohtaiy and multiple xanthomas the lipoids deposite 
cholesterol and cholesterol esters (Gaines,^® Rowland Fi 
cent of our cases evidence of the presence of cholesterol deposits 
observed What, then, is the mechanism of production of 
cholesteremia ^ Chauff ai d stated the belief that there are two b^P 

besides the increased cholesterol of alimentary origin one is the res^^^ 
of disturbed hepatic function resulting in retention of 
IS passive, the other is the result of endocrine secretion and is 
Others have concluded that the hypercholesteiemia is entirelj o 
mentary origin Schonheimer came to the conclusion that the pa 

107 Bloch, B Metabolism, Endocrine Glands and Skin-Diseases 
Reference to Acne Vulgaris and Xanthoma, Brit J Dermat 43 61- ,„eniUi 

108 McMeans, J W Tissue Reactions in Experimental Hi pereholes 

J ll Research 33 481-491 (Jan ) 1916 

109 Cited hi Gruenfeld and Seelig " Piabete 

110 Tate, B C Cutaneous Xanthomata Associated with Vfed 

Insipidus (High Blood-Fat and Normal Blood-Cholesterol), Proe m 

26 1546, 1933 p^tho 

111 Rowland R S Anomalies of Lipid Metabolism bn 

logic Lipidoses), in Christian, H A Oxford Medicine, New York 

rersitv Press, 1931, %ol 4, pt 1, pp 214(3)-214(109) 
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may be able to absoib cholcslciol bul uiialilc to cxcictc it and that this 
condition results in hjpeicholcstcicnna Picbcnt day evidence, in spite 
of repeated experiments bj inan^ iincstisjatois, fails to place the cause 
of the increase or the alteiation definitclv in the ratio of the free and 
bound cbolesteiol We aie foiced to conclude, howevei, that it does 
occur, and many \\iitcis ha\e concluded that this is the piimaiy factoi 
in the production of the^-e lesions, whclhci tlicj aie sohtaiy oi multiple 
Among this group arc Emaudi,*'* Ewmg,”- Pinkus and Pick,^®' Piing- 
shein,'*' Weber, Weil and Kiich,’’ Arning,’” Bonn,'’'’ Kusnet/o\e slcy,” ' 
Schmidt and Le\\,“ Dunn” and main otheis Among authois who 
have opposed the hypothesis aic Mason and Woolston,^'’ Stewart and 
Flint,”® Young and Harris “® and Ragms 

Although only a small group of personal cases aie lecoided m which 
the ^alues for blood lipoids weie studied, it is fnmly behe\ed that the 
alteration m hpoid metabolism, vhcthei it be an absolute one oi one of 
changes in the ratio of the relative constituents (piincipally the choles- 
terol-cholesterol ester ratio), is the primaiy etiologic factoi in the pro- 
duction of these tumois and that trauma or infection (oi both) m the 
involved areas is a secondaiy factoi which is piesent m e\eiy case 

Pathologic Ptciuic — We have carefully lecoided the pathologic pic- 
ture of this tumor in a previous section of this paper, but we failed to 
explain the presence and origin of the various tissue elements Let 
us, then, consider each separately 

The Foam Cell (SchaumzcUe), oi Xanthoma Cell This cell was 
accurately described by Chambard “® and Toiok”® over fifty years 
ago and at one time was suspected of being related to sebaceous gland 
cells and even of having a parasitic origin Pinkus and Pick,^®'' 
Aschoff and Kawamura observed that these cells possess phago- 
cytic properties and came to the conclusion that they are reticuloendo- 
thelial cells infiltrated with fatlike substances Anitschkow definitely 
proved the identity of these cells with the histiocytes by showing 
their ability to pick up vital dyes, and Plewes has demonstrated 
the presence of thorotrast in the foam cells We too have demonstrated 

112 Ewing, J Neoplastic Diseases A Treatise on Tumors, ed 3, Phila- 
delphia, W B Saunders Company, 1928, p 274 

113 Cited by Weber 

114 Kusnetzowsky, N J Em Fall multipler xanthomatoser Gramilome der 
Sehnen, Arch f klin Chir 124 73-80, 1923, abstracted. Internal Absti Surg 
37 587-588 (Dec) 1923 

115 Cited by Stewart and Flint 
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117 Plewes, L W Nature and Oiigin of the Xanthoma Cell Arch Path 
17 177-186 (Feb ) 1934 
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this chaiacteiistic by the piesence of intracellular pigment in practicall) 
every tumor in which foam cells were present Webei/'' Broders,'* 
Mehcow/^® Koloclny/^® Gonzalez-Aguilar and many others haie 
considered them phagocytic cells, members of that class of cells knoiMi 
as the reticuloendothelial system Pollitzer,^-® Mason and Woolston/’ 
and Gaiietf’® concluded that they aie endothelial in origin Broders’ 
stated that they are 13 'mphocytes that have taken on the special propert) 
of phagocytosis of fat particles 

What is meant by the leticuloendothelial system^ Under this head 
ing are grouped various cellular elements because of their cotnmon 
properties of phagocytosis, reaction to vital dyes and a general similant) 
of function, they include ( 1 ) the leticular cells of the splenic pulp, 
lymphatic tissues and bone maiiow, ( 2 ) the endothelial cells of the liver 
capillaries, lymph sinuses, bone marrow, splenic sinuses, suprarena 
and hypophysial capillaries, and ( 3 ) the phagocytic cells m the con 
nective tissue, of which there aie tissue histiocytes, splenocytes an 
blood histiocytes (Aschoff Sacks Rowland,^" Oppenheimer and 
Fishberg) 

It IS evident, then, that the origin of the foam cell from the reticuk 
endothelial sy'^stem is established without any doubt 

Now that we have established the identity of this cell, the next ques 
tion that aiises is how the cholesterol happens to appear tier 
Aschoff®® offered three possibilities (1) by infiltration, (2) 
decomposition, and (3) by fatty tians formation He concluded, t’® 
if fat transformation occurs,” that is, transformation of the car 0 
hydrates or protein reserve of cells into fat. “it must play only a 1 
minor role and since fatty^ decomposition is eithei postmortem or 
biotic, therefore pathological fat deposits can occur only m consequ^^^^ 
of fatty infiltration which has its origin in the surrounding cell 
Kawamura and Anitschkow, Rowland,^'® Pinkus and Yic > 
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determination of the tiue nature of the tumor should depend on the 
type cell of the stioma We agree that the type cell is the same in 
each instance and that the giant cells and foam cells are found in other 
lesions beside this one, but m each of oui own cases one or the other 
was present and in most cases both were seen, so that we have come 
to the conclusion that they both are characteristic elements of this tumor 
and definitely belong there In addition, we believe that if each tumor 
could be thoioughly sectioned and studied, all the previously noted 
chaiacteristics would alway'^s be found 

Pigment This appears as y^ellowish brown gianules in sections 
stained by the hematoxylin and eosin method and imparts the herhn 
blue reaction with the non stains Bellamy,"^ Stewart and Flint,®* 
Mason and Woolston,'® Smith and Janik,''“ besides others, agreed 
that this pigment is the result of the bi caking up of the red corpuscles 
of extravasated blood in the tissues According to Smith,®^® Mason 
and Woolston,®'* and Beekman,® this pigment produces the reddish 
brown color of the tumoi Miller,*® quoted Wells as saying "that the 
brilliant oiange-yellow color of the tumor is due to the presence of 
either caiotin oi xanthophyll pigments oi both, which are nortnall) 
present in the blood serum and are leadily taken up and combine 
with cholesterol fatty acid esteis, which aie in themselves colorless 
The Type Cell The type cell, or stroma cell, as has been men 
tionecl, IS morphologically similar to the endothelial cells, and in tus 
conclusion many authors recently'' have concuried We also believe 
that this IS true The fat content, although it may' be a mixed type, 
spoken of by some as mixed steatosis, is in most cases, according to 
oui belief and that of many others, made up chiefly of cliolestero or 
Its esters and is in most instances inti acellularly arranged 

Pathogenesis — Each constituent of this tumor has been considere ^ 
What pai t does each play, and how does the tumor happen to deve op ^ 
We do not agree with Geschickter and Copeland and Wahlgven ^ 
m the conclusion that it develops and originates from the sesamo ^ 
bones We found no histologic evidence for such an origin of . 

the tumors in our series, and in going over the roentgenograms o 

patients we were unable to find sesamoid bones at the site of 
except in a very few cases The facts that a large number o ’ 
tumors arise on the extensor sui faces and other sites were sesai 

131 Smith, D T Method for Making a Differential D.agnosi> 
^anthomatous and Melanin Tumors from Frozen Sections, Based on a , r 
ne Hundred and Thirty Xanthomatous Tumors and Two Hun re 

8 908-917 (Mai ) 1924 , CeP 

lo2 Geschickter, C F , and Copeland, M M Tumors of the U 
Group Pathologic Entity, Arch Surg 21 145-156 (July) 1930 
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bones are conspicuous b} their absence and that tlie tumors are all 
morphologicall)' alike lead one to doubt the authenticit} of this 
h} pothesis 

AVe are convinced that the primary factor m production of this 
tumor IS a preexisting alteration m the lipoid metabolism in which 
there is either a marked disturbance in the absolute lalues of the blood 
lipoids or, e\en more important, a disturbance m the ratios of the 
\arious constituents, chiefly that of cholesterol to cholesterol esters 
and that the secondary factor is trauma or infection at the site of the 
lesion Lubarsch expiessed the opinion that lymphatic stasis aids 
at this point m its production, this i\e are unable to support We 
belieie that at the time trauma or infection enters the picture minute 
hemorrhages occur within the tissue, lipoids and pigment are deposited 
bj vay of the circulation and a secondary response of the tissue occurs 
m which certain endothehum-hke cells, foam cells, foreign body giant 
cells and adult connectne tissue make their appearance These changes 
deielop slo'wly or rapidly, depending on the se\erity of the hemoi- 
rliage and the subsequent release of lipoids and pigment As the 
process progresses, lascularit} increases, more hemorrhages occur and 
the Mcious cycle is established 

It has been shovn that a se^ere mjur\ will make one of these tumors 
groiv rapidly, though it has been heretofore rather quiescent This 
feature undoubtedly is due to an added large hemorrhage, as has been 
described As this process is usually slow, a well defined capsule of 
connectne tissue surrounds the mass producing a more or less firm 
\ellow to reddish brown tumor In addition, we also arc of the belief 
tint in most instances this tissue response starts in the synoMal lining 
of the tendon sheaths or in the SMiOMal membranes of the joints In 
some cases this feature is not recorded, cither owing to an oxcr^ight 
on the part of the surgeon or because of failure to determine the site 
of the tumor accurately enough In spite of this we bchc\c that in 
most cases if a careful stud\ and dissection arc carried out such a 
connection will be demonstrable 

Ty/’c of Lesion — The question now arises \\ hat is the true n iture 
01 tins lesion’ Is it a benign tumor a malignant tumor or onh an 
infiainnntort tissue reaction to aarious irritants' ^^h it name should 
be gi\cn to It and how should it be classified' \\ c could name ibom 
thirte writer- who belicte it to be benign but we shall reier the riider 
to the literature for this luionnation \t an\ rite iim-t author- mrec 
tint 11 i« alw'a\ - under all circum-tance- a bei npi erowtii H'^rbuz 
concluded tint it is conparati\eh lH;n!gn but si nuld p, 

P’obabh as a -arcoin i, whereas Hartnu’n ‘ exyt'-ei 'K ru n tir: 
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there is always a potentiality of malignancy Krogus stated that 
xanthomatous lesions occuiring on the fingers should be considered as 
benign, while those observed on the palm of the hand, foot or forearm 
sooner or later ie\eal a moie malignant charactei We agree that 
some of the tumors seen about the ankle are suspicious owing to their 
mfiltiating natme, but in none of the cases were we ever able to find 
any signs of eithei local or general metastasis aftei a long period of 
obseivation. and as a lesult we have concluded that these lesions too 
aie not potentially malignant 

Buxton, Jebens,®- Razemon and Bizaid,®- Spiess,’^ von Albertini, 
Ragins,^® Bellamy,-^ Stewait and Flint, •“ Gorog,®“ Zumtobel,‘“ Negrie 
and Canton,®-' Leccne and Moulonguet,'' Pique, Biachetto-Brian an 
Fasciolo ’■ and Heurtaux,^^ all believe that these growths are tine 
tumors, Bonhomine,^® Sonntag,®*’ Kusnetzowsky,^^* Wegelin,'® Foot, 
Ewing, Bloodgood,==^ Seyler and Bussebaum subsciibed to the 
theory of the mflaminatoi \ (giamilation tissue) nature of these lesions 
Yamakawa and Kashiwabaia and Kurtz concluded that they aro 
inflammatory but that, in addition, there is a secondary distuibance o 
the lipoid metabolism Wustmann concluded that they aie associate 
only with a cholesterol diathesis and aie formed as a means of reinoiing 
the excess of cholesterol from the blood Montgomery^®® says tiat 
“they histologically i epresent fibrous stages of xanthoma with a foreign 


body giant-cell reaction ” 

Sonntag’s argument for the inflammatory oiigm of this 
was that the stroma is typical granulation tissue, consisting of I'O 
blasts, lymphocytes, polymorphonuclear leukocytes, partty sclerotic scat 
tissue, blood pigment and ciystals of cholesterol, sui rounded by 
cells In our group of tumors blood pigment, cholesterol crystals, foreign 
body giant cells and evidence of inflammation were obseived 

While this tumor does not i epresent a simple inflammatoiy process, 
neither does it represent a true neoplasia comparable, for example, to 


134 Krogius, A Xanthosarcomas m Tendon Sheaths, Finska lak -sallsk ban 
64 102-121, 1922, abstracted, J A M A 79 173 (July 8) 1922 
der s g Xanthosarcome der Sehnenscheiden, Acta chir Scandinav 5 
1922-1923, Xanthosarcomas of Tendon Sheaths, abstracted, J A M A 
(Feb 24) 1923 Footnote 39 


135 Cited by Khng and Sashin 

136 Foot, N C Report on a Case of Unusual Giant Cell Lymphogranutom 
Am J Chn Path 6 278-285 (May) 1936 

137 Yamakawa, S , and Kashiwabara, M Lipoidemia and Xanthoma, To o 
J Exper Med 3 317-332 (Dec) 1922 , abstracted, J A M A 80 1495 (May 
1923 

138 Montgomery , H Xanthomatosis A Systemic Disease, Proc Staff M® 
Mayo am 12 641-644 (Oct 13) 1937 
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lipoma, 1113^01113, carcinoma oi sarcoma Regardless of whethei it is 
considered to be mflammatoi}' or neoplastic or both, it is an undoubted 
entit}^ which differs in its behavior from simple inflammation and from 
neoplasia and probabty dei'elops m the presence of a coexisting dis- 
turbed cholesterol metabolism and secondai}’' trauma or infection We 
are of the opinion that these tumoi s should be classified under the head- 
ing of the primar)’’ essential xanthomatoses and that the}'- should be 
called xanthomas of the tendon sheaths and synovial membranes Most 
writers believe that these tumors are benign, they fail to report any 
metastasis, we failed to find evidence of metastasis, and we therefore 
feel that the tumors should be called benign xanthomas of the tendon 
sheaths and synovial membranes Finally, \ie agree with the classifica- 
tion presented b}' Thannhausei and Magendantz 

Diagnosis — Given a man or nonian about 40 yeais of age with a 
firm, oval or round subcutaneous mass, about 2 to 3 by 2 cm located 
on or associated with a tendon sheath, pieferabty the flexor, of the 
fingers, a mass that has been painlessly and slowly increasing in size, 
given, moreover, that the patient presents a history usually of previous 
trauma and that chemical study of his blood leveals an absolute 
increase in its lipoids or an alteration of the ratio of cholesterol to 
cholesterol esters and there is, in all likelihood, a xanthoma of the 
tendon sheath If the lesion occurs in a joint — usually in the knee — 
the signs and symptoms are those of an internal deiangement of that 
joint There is usually a history of previous trauma There may or 
may not be locking, depending on the tj’-pe of tumoi, that is, whether 
It IS pedunculated or diffuse The knee may be hot and painful or, m 
some instances, may cause little if any disturbance The roentgeno- 
grams are usuallj' normal Aspiration of the joint reveals bloody fluid, 
but it must be remembered that bloody fluid may also be obtained 
from sarcoma of the synovial membrane, from the joint of a hemo- 
philiac, from a joint involved by a hemangioma or from a joint in 
which there has been recent or old trauma A determination of the 
bilirubin content of this fluid by the icterus index method with the 
patient’s blood serum as a control is at times helpful In addition, 
if the cholesterol content of the aspirated fluid is high, this is positive 
evidence of the presence of a xanthoma (Kling and Sashm ®'‘) 

DiffeienUal Diagnosis — ^This tumor must be differentiated from 
chondroma, which is hardei , lipoma, which is softer , carcinoma, which 
usually affects the skin, osteoma, which is harder and connected with 
the bone, and ganglion, which is usually on the extensor surface, near 
3- joint and softer Tumoi s of the muscle must be thought of, and 

139 Kling, D H Bilirubin in Effusions of the Joints Method of Estimation 
and Significance, Arch Surg 20 17-25 (Jan ) 1930 
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tendovaginitis and tubeiculous dactylitis aie possibilities If the lesion 
IS in the joints, one must consider all those conditions producing an 
internal derangement of the joint, but here examination of the articular 
fluid is of great help The final and true diagnosis, of course, must 
in most cases be based on biopsy and suigical removal 

Treatment — Since these tumors have been definitely proved to be 
benign, without evidence of metastasis, conservative surgical treat- 
ment IS the method of choice Usually only local excision is neces- 
sary , if a recurrence takes place, as it does if the tumor has not been 
completely excised, a second excision should be performed, but never 
should a limb be sacrificed for what appears at first glance to be a 
sarcoma The actual value of roentgen therapy in the treatment of 
these tumors is still questionable, and m most cases little, if any, 
lesponse has been observed, however, this method will probably con- 
tinue to be used as an adjunct to surgical removal and m the future 
may prove to be of benefit m those cases m which complete removal of 
the tumor is not possible For the patient with high values for blood 
hpoid a diet low in cholesterol should be prescribed for three to four 
months At the end of this period the blood chemistry should again be 
checked, the subsequent course being determined by these findings 

CONCLUSIONS 

As a result of a study of the literature and of the records of 
70 patients treated at the Mayo Clmic since 1919 we have been 
able to conclude that xanthoma of the tendon sheaths and synovia 
membranes is a benign lesion associated primarily with an alter- 
ation m the hpoid metabolism secondaiily set oft by trauma, infection, 
or both It is classified under the general heading of the primarj 
essential xanthomatoses 
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Anomaly — ^Weyrauch ^ stated that the anomalies of renal rotation, 
exclusive of ectopic and fusional deformities, may be divided into four 
mam types (1) ventral, or noniotation (rarely excessive lotation), (2) 
ventromedial, or incomplete rotation, (3) lateral rotation (reverse or 
excessive rotation) and (4) dorsal (excessive or reverse) rotation 

The change in the position of the hilus renalis which takes place 
during early embryonic life results from a dififerential regional growth 
within the metanephros lather than from actual rotation of the entire 
organ Hypotheses concerning the causation of anomalous rotation were 
adianced by Weyrauch, who emphasized such intrarenal forces as the 
oiganizing activity of the ureteral tree as opposed to any extrarenal 
mechanical influence He discussed the clinical aspects of the condition 
and summarized 19 cases 

Bernhaid-Kreis - reported a case of malformation m the urinary 
tract in which the patient, a girl 4 months old, died aftei foui months 

1 Weyrauch, H M, Jr Anomalies of Renal Rotation, Surg, Gynec & 
Obst 69 183-199 (Aug) 1939 

2 Bernhard-Kreis, E Zur Kenntnis der angeborenen Fehlbildungen der 
ableitenden Harnwege, Schveiz med Wchnschr 69 221-223 (March 11) 1939 
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of acute intestinal intoxication Neciopsy revealed bilateral duplication 
of the ureters The two right ureters joined at the wall of the bladder 
The right ureteial orifice into the bladder was so nairow that it ivas 
almost completely closed One of the left uieteral orifices opened into 
a large ureteiocele in such a way as to compress the other left ureter, 
which opened noimally back of the uieteiocele Death was caused by 
infection of the uiinaiy tract 

Toision — ^\^^eyiauch® stated that renal torsion constitutes an 
abnormal, acquired lotation of the kidnej' on its vertical, anteroposterior 
or horizontal axis and is classified as vertical, transverse or horizontal 
torsion, respectively Combined torsion also is possible Accurate 
clinical diagnosis of the type of toision present may be reached by studv 
of the pyelogiam, supplemented by lateral views 

The fdctois which influence renal toision aie the length and the point 
of attachment of the vascular pedicle, the limitation of the mobility of 
the uretei in an upward direction, the firm, compact consistency of tlie 
kidneys and the contoui of the tinynelding lumbar hollow 

Although it was found impossible to localize a mass to the 
peritoneum, retiopeiitoneum or kidney proper on the basis of the type 
of torsion produced, in general it may be said that a mass impinging 
upon the cential portion of the kidney is moie likely^ than not to produce 
vertical toi sion, whei eas one at either renal pole will cause the transverse 
or horizontal type 

Ventral displacement of the entire kidneys oi uppei poition of the 
uretei is pathognomonic of a retropei itoneal tumoi Localized distortion 
of the renal pelvis other than mild compiession is distinctive of an intra- 
renal mass Enlaigements of the livei and spleen may^ pioduce am 
type of renal torsion and result in a downward and medial displacement 
of the kidney 

Suigtcal Technic — Chauvin and Zanamri ^ discussed the lalue of 
heminephrectomy in cases of supernumeraiy meter in which abnormal 
outlets result in incontinence Onty 40 such cases in which hemi- 
nephrectomy has been done have been published , these include 14 
collected by Dossot (1926) and by Dewailly (1935), who added no nev 
ones, and 25 collected by Eisendrath (1938), m which the operation 
was bilateral in 2 and was done for vaginal ectopy^ in 10 and for vuhar 
ectopy in 13 The single case of Pick and Hendnck brings the total to 
40 In all these cases heminephrectomy was satisfactorily accomphshe 

3 Weyrauch, H M , Jr The Significance of Renal Torsion in the 
of Retroperitoneal Tumors Use of the Lateral P^^elogram, J Urol 41 
(June) 1939 

4 Chauvin and Zananin Heminephrectomie pour abouchcment vulvaire d un 
uretere surnumeraire, J d’urol 48 139-143 (Aug ) 1939 
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It IS surprising, ho\\e^el, to note the numbei of comj^lete nephiectomies 
that are still done foi this type of malfoimation 

Only two contraindications exist for heininephrectomy in such cases 
One IS the uselessness of conserving the iioiinal kidney because it is too 
small, the other is the existence of a single pedicle opening into the 
kidney that is to be removed Both are exceptional, and the second is 
not an absolute contiaindication, since one pole in a solitaiy kidney may 
be safely resected 

Since kidneys of this type aie always infected, vaccination of the 
patient before opeiation with a vaccine piepaied from his septic urine is 
desirable In the case reported, theie had been constant incontinence 
from bnth in a girl 18 years old in whom the powei of voluntary 
micturition was nevertheless present, with noimal functioning from 
four to SIX times a day Q^stoscop}' on the right side revealed two 
orifices, of which one was blind 3 cm fiom the outlet and the other was 
normal Urography demonstiated one normal pelvis on each side, thus 
suggesting probable bilateral double kidney, with the supernumerary 
half kidney on each side functioning too weakly to give an image Only 
by meticulous examination of the vuha was there discovered, on the left 
side, behind the normal urinaiy meatus and about 1 cm distant from it, 
at the edge of the vaginal oiifice, a minute ectopic ureteral meatus, which 
would permit the entrance of only a fine meteial sound The urine from 
this meatus contained pus and many colon bacilli Retrograde urograph} , 
accomplished with difficulty through this minute meatus, disclosed 
megalouretei , with an enormous tube having a kink at its pelvic end 
Its diameter was 4 5 cm in places, and it contained a few minute calices 
at Its uppei end Roentgen examination of the lower pait of the pelvis 
of the kidney on the same side showed that the ectopic ureter crossed 
the normal one seveial times, describing many sinuosities This 
anomalous kidne}", or half kidney, was situated above the sound kidney 
and about 2 cm away from it After its lemoval lecovei}' of the 
patient was uneventful foi twenty-five days, at the end of which a 
fistula opened at the lerel of the incision, from which urine poured in 
abundance The authors did not accept the explanation usuall}' given 
m such cases, that a small amount of the pelvic wall had been left behind 
inadvertent^, for ther knew that this was not the case They thought 
lather, that the fistula was caused b)'’ secondary necrosis, the site of 
which could not be determined After thiee weeks the fistula closed 
and the patient experienced no furthei trouble 

Sfonc — Granoflf ® presented a case m which a perinephric abscess 
on the left was accompanied b)”- oi was secondary to p)’'onephrosis with 

5 Granoff, M A Migration of Renal Stones Associated with Pyonephrosis 
and Pennephnc Abscess into Lung, J Urol 42 302-310 (Sept ) 1939 
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nephi ohthiasis on the same side and in which the treatment had been 
surgical diamage twelve )'ears prior to the death of the patient, followed 
by an intermittent discharge of pus and stones through the surgical 
incision foi many years Necropsy, following the death of the patient 
from cardiac failure rerealed an old, fibrous, contracted pyonephrotic 
left kidney enclosing renal stones, and a sinal tract leading from the 
jielvis ot this kidney to a cavity m the lower lobe of the left lung, which 
iilso contained renal stones physically and chemically identical with those 
lound in the kidney The stones had migrated from the kidney into the 
lung 

Although the thoracic complications of perinephric abscess and 
pyonephrosis are not common and occur principally in cases of long 
duration, their incidence is about as great as that of abdominal com- 
phcation^ 

Invasion ot the lung by a suppurative process requires preceding 
localized adhesive pleuritis, otherwise, empyema results 

Higgins ® says that prior to 1933 the incidence of postoperative 
iccurrence of renal calculi at the Cleveland Clinic was 16 4 per cent 
^mce that yeai it has been reduced to 4 9 per cent by adding the high 
\ itamin A, acid ash or alkaline ash diet to othei postoperative measures, 
ihereb} controlling the pn of the urine 

The relation between infection and the formation of primary or 
lecurrent calculi has been stressed for a long time In Higgins’ senes 
of 200 cases of recurrent renal calculi, there was a coexisting renal 
infection in 81 5 per cent, whereas the urine was sterile in 18 5 per cent 
Recurrent stones associated with infection weie usualty large and were 
composed of phosphates, carbonates or mixtures of these salts Stones 
1 ecurrmg in sterile urine usually were small and were composed of uric 
acid, cystine or oxalates 

Recurrence of calculi is more likely when an infection is present that 
is caused by oiganisms which possess the property of splitting urea, thus 
producing persistently alkaline urine and precipitating the alkaline salts, 
that IS, phosphates and carbonates In Higgins’ series 9 per cent o 
the bacilli and 18 per cent of the staphylococci weie of the urea-sphttin-, 
type 

Focal infections were common, but there was no apparent relation 
between the organisms obtained by culture fiom these sites and those 
isolated from the urine 

Urograms taken intravenously showed evidence of urinary stasis m 
72 per cent of the cases, although it was difficult to form an opinion as 
to whether stasis preceded or was subsequent to the formation of ca cu 

6 Higgins, C C Factors m Recurrence of Renal Calculi, J A M A 
1460-1465 (Oct 14) 1939 
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Expel iinental and clinical observations have demonsti ated the 
existence of a relation between deficiency of vitamin A m the diet and 
toiination of renal calculi The history alone does not provide sufficient 
evidence to enable one to state whethei a patient is receiving or utilizing 
adequate amounts of vitamin A, and a biophotometnc test should be a 
part of the examination of every patient who has calculous disease 
Higgins and his associates prescribe vitamin A as a routine postoperative 
measure 

Hyperpaiathyroidism has been assigned an important lole in renal 
lithiasis by various authors However, m Higgins’ senes it was piesent 
in only about 0 1 per cent of the cases 

Metabolic factors may play an important part in the recurrence of 
stone Cystmuria frequently is associated with calculi Increasing the 
solubility of the cystine in the urine by the administration of alkalis 
diminishes the possibility of the formation or recurrence of stone Like- 
wise, attention to diet, metabolic factors and the maintenance of a fin 
of the urine unfavorable for the deposition of crystals are important in 
preventing the formation of stone and the recurrence of the other types 
of excretory calculosis such as oxaluria, phosphaturia, xanthinuria and 
uraturia 

Surgical precautions for the reduction of lecurrences consist of 
minimization of trauma in handling the kidney, performance of pelvio- 
lithotomy instead of nephrolithotomy whenever possible, thorough lavage 
of the pelvis and calices, followed by use of a suction tube to remove 
clots, debris, fragments of stones or minute stones and sand, and 
adequate drainage of the kidney whenever nephrotomy is necessary or 
when a high degree of infection is present 

Tubei culosjs — Herbst " stated that the factors involved in the mor- 
tality and morbidity of renal tuberculosis are the recognition of Myco- 
bacterium tuberculosis in the urine, the general resistance of the 
individual, the proceduies instituted m treatment and the provision of 
adequate facilities and detailed direction of every individual affected 

The indications for search are (1) unilateral renal infection, (2) 
hematuria with no obiious explanation, (3) pyuiia with no organisms 
demonstrable by ordinary staining methods, (4) persistent pyuria of any 
kind, (5) cystitis which does not respond to treatment after a reasonable 
period, (6) pyuria or dysuria in persons who ha\e a history of 
tuberculosis or active extraunnary tuberculous lesions, with nodulai 
lesions in the seminal tract, and (7) urogiaphic evidence of the destiuc- 
tion of renal tissue 

7 Herbst, W P Renal Tuberculosis as a Community Problem, J A At A 
II3 371-373 (Jul> 29) 1939 
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The geneial lesistance of the patient was cited as the most important 
single tactoi in\olved in the problem Herbst pointed out that renal 
tuberculosis was found chnicall> by Thomas in approximate!} 4 per cent 
ot the patients m Glen Lake Sanitarium The economic status of a 
communit\ influences the incidence Climatic influences are Mtal In 
ceitam climates there is practically no unnar} tuberculosis eren though 
pulmonan tubeiculosis occurs Food and vitamins are important in 
the geneial tactor of lesistance 

All things being equal, the soonei an ad\ancing destructne lesion b 
lecognized and remoAcd the higher will be the percentage of cures and 
the lowei will be the percentage of mortalit) and morbidit} 

j\Iedical societies should sur\ey the situation and lead m accom- 
plishing the following standardization and proMSion of facilities tor 
1 ecognizing jM} co tuberculosis in the urine, enlistment of the cooperation 
of civic agencies, la} organizations and local health departments m 
seeing that theie are adequate facilities foi hospitalizing and caring or 
patients and improvements in Ining conditions m general an 
standardization of laboiatory methods and facilities for the identification 
of bacilli 

Communit} action on the part of an} medical societ\ m siici 
endea^ors as those mentioned pieiioush would result in some degree 
m dispelling the pre\ ailing public opinion that ph}sicians are obstructne 
to the acquisition of cheap or free medical seriice and what is nwre 
important, would stamp ph}sicians as authontatne dmamic and 
pathetic leaders m solving commumtr health problems 

Ive}es* again advised closure of an incision m the loin wi i 
diainage after nephrectomy foi tuberculosis 

He recited in brief the histor} of lumbar closure alter nephrectonn 
foi tuberculosis In 1912, W J Ma}o adMsed surgeons to close tie 
wound in the loin after filling it wuth salt solution to displace the ai 
w ithout drainage unless the wmund is soiled by rupture of the ki ^n^^ 
or of its pelvis or unless a permephritic abscess is present He repe 
this injunction m 1915, and Verne Hunt, m 1923 wrote as fo en 

A. sinus persisting after nephrectomy (for tubeiculosis) is due to 
remo\al of the diseased tissue, persisting infection in the ureter, and the ms 
of drainage The insertion of drainage tubes after nephrectora^ for Kidnei 
culosis IS as inadMsable as for tuberculosis elsewhere 

A rigorous technic must be adhered to Ma}o’s precaution of fiH'I’J 
the wound with sterile solution to replace an and prevent scr ^ 
emph}sema such as has been reported by both Aschner and 
be obsened It has been Keyes’ custom to fill the loin with a 1 1^ 
solution of acriflatme 

8 Kejes, E L Closure of Lom Wound Without Drainage After N’cp!"’ 
tom> for Tuberculosis, J Urol 42 496-409 (Oct ) 1939 
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Ke)^es’ first nephi ectom)'- foi tuberculosis was done in 1906 The 
patient had perineal and pennephric abscesses A clamp was left on 
the pedicle He died fouiteen }ears latei of tuberculosis Clamps were 
left on the pedicles of the first 5 tuberculous kidneys which Ke3'’es 
removed and on many others thereafter He had no tioiible after he 
learned that the clamp must not be unlocked befoie the fourth da)'^ or 
lemoved before the fifth The loins in which clamps had been left healed 
badly Seven sinuses lasted until the death of the patient, oi at least 
two years, whereas onl}' 1 healed in a month, 3 healed in six months and 
5 healed in fiom seven to nine months 

Drained wounds gave bettei results Four healed m a month, 1 in 
three months, 1 in six months, 1 m a yeai and 1 in thiitv months, and 
1 persisted until the death of the patient 

Keyes found that m his operations peifoimed since 1912 b)'^ the 
Ma)"o technic, 29 wounds had primar}' union, and 20 weie known to 
have reopened 

Forty-one of 49 sutuied wounds healed in thiee months Only 66 
per cent of drained wounds healed as quickly as the sutuied wounds 
Of the patients who suivived the removal of tuberculous kidneys 
and were followed moie than a yeai after operation, clamps had been 
left on the pedicle in 13 Four of these patients died of tuberculosis 
or of renal insufficiency Of the 23 patients whose wounds ere sutured 
without drainage and who weie followed, 10 died of tubeiculosis and 
13 (more than half) lemamed alive and well 

After his experience, Keyes was profoundly impressed with the 
conclusion that m cases of renal tuberculosis the diain which is placed 
m the loin is responsible for mixed infection and foi the sinus in the 
loin If the sinus opens after complete closuie, the opening need not 
imply a tempestuous or a prolonged convalescence Toda}^ diained 
operative wounds resulting from nephrectom} for lenal tubeiculosis 
heal well, undiained wounds heal bettei Keyes stated the belief that 
the results of modern atraumatic surgical technic will be better than 
those he has obtained since the war, that is, closuie of 21 of 23 incisions 
in the loin without any diain whatevei and also of 2 sinuses, only 1 of 
which was a grave one Suigeons are no longer timid about tying the 
renal arteiy, they should not be timid about closing the incision m the 
loin occasioned by nephi ectomy for tuberculosis 

And b}^ “complete closuie” is meant no diain whaterei 
Hydionephiosis — Piiestley® stated that many advances ha\e been 
made during the past twenty years m the conservative suigical treatment 
of h)'dronephrosis, so that now many kidne}s can be preser\ed which 

9 Pnestley, J T The Conservative Surgical Treatment of Non-Calculous 
Hidronephrosis, Surg, Gynec & Obst 68 832-841 (April) 1939 
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pre^ lously \\ oulcl haA e been considei ed n reparably damaged and would 
theiefore have been removed The exact type of operation indicated 
depends on the significant observations in each case 

If anomalous vessels aie present and it is demonstrated that the) 
aie of importance in the production of hydronephrosis, one of several 
surgical proceduies ma}' be employed The vessels may first be tem 
porarily occluded to determine their importance in the blood suppl) 
of the lower pole of the kidney If no undue change in color takes 
place during compression for se\ eral minutes, the vessels may be severed 
Should the lowei pole become very dark and a sharp line of demarcation 
appear between it and the main portion of the kidne)’’, the \essels cannot 
be divided without pioducing an infaict in it Under these circum- 
stances, if the vessels are definitely obstructing the ureter, the uretero- 
pelvic juncture may be seAered and the ureter reimplanted into the pelvis 
on the opposite side of the vessels If pyelectasis associated with 
anomalous vessels is extensive and the pelvic wall is thin and flabby, 
resection of the renal pelvis also may be performed 

High insertion of the ureter into the pelvis also may be a factor in 
the production and maintenance of hydronephrosis This abnormality 
may be corrected by any of a variety of surgical procedures In general, 
an operation which does not entirely sever the ureter from the pelvis is 
to be preferred, when feasible, because the blood and nerve supply to the 
upper portion of the ureter is not disturbed by it One of the simplest 
and most satisfactory' procedures consists of simple anastomosis between 
the ureter and pelvis, so-called uieteropy'eloneostomy In this operation 
a new opening is made between the most dependent portion of the pelvis 
and the ureter at the coi responding level A second procedure, similar 
in principle to the Finney pyloroplasty', may' be employ'ed The adjacent 
portions of the uretei and pelvis are incised in a straight line, and the 
cut edges are then united, the posterior edge of the pelvis to the posterior 
edge of the uieter and the anterior edge to the anterior edge Another 
operation which Priestley has not seen described in the literature but 
which he has employed with satisfactory' lesults is pei formed as follows 
A longitudinal incision is made in the upper poition of the ureter which 
lies adjacent to the pelvis This incision is earned down to a leve 
vhich corresponds with the most dependent portion of the pelvis near 
(approximately 1 cm from) the renal parenchyma of the lower pole 
The dependent portion of the pelvis which lies between the lower pole 
ot the kidney and the ureter is then resected, a wedge-shaped section 
being removed, with the base of the wedge directed downward and the 
apex reaching upward to the level of, or a little above, the ureteropelvic 
juncture The anastomosis between the remaining portion of the pelvis 
and the longitudinal incision in the ureter is then completed m the 
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usual manner The Y type of operation described by Foie} also ma} be 
used, m this type of case, although it was described b}^ the author for 
the treatment of stricture of the ureteropelvic juncture 

Somewhat less conservati\e operations may at times appeal advisable 
Occasionally, it may seem necessary to sever the ureteropelvic juncture 
completely, to resect the upper portion of the ureter which lies adjacent 
to the pelvis and to reimplant the uppei end of the ureter in the lowest 
portion of the pelvis This procedure may or may not be combined 
with resection of the pelvis If the pelvis is resected, the line of incision 
may be carried to within 1 cm of the renal parench}ma, both on the 
anterior and on the posterior wall The ureter is then inserted at the 
lower angle of the pelvis This type of operation is best leseived for 
large hydronephroses m which the pelvis is thin and markedi} dilated 
and has flattened and narrowed the upper portion of the ureter 

Many types of surgical procedure have been employed for the cor- 
rection of hydronephrosis caused by narrowing of the lumen of the 
ureteropelvic juncture, with variable results One of the simplest pro- 
cedures technically employs the principle of the Hemeke-Mikuhcz pyloro- 
plasty and IS known as the “Fenger operation” , however, ultimate 
results following this type of procedure have not been satisfactory 
Schwyzer modified Fenger’s operation by using a Y-shaped incision of 
which the diverging limbs are placed on the pelvis and the descending 
limb continues down the ureter This incision is closed so that the 
dependent point of the triangular flap created on the pelvis is approxi- 
mated to the lower end of the incision in the ureter Foley modified 
this operation by placing the diverging limbs of the Y incision down- 
ward on the lower portion of the pelvis directly opposite the upper end 
of the ureter 

Occasionally, cases of abnormal renal ptosis associated with some 
degree of hydronephrosis and with pain, which appears to be of renal 
origin, are encountered If the clinical diagnosis has been established and 
if definite stasis has been actually demonstrated, a pleasing result maj 
follow immobilization of the kidney in such a position that undue 
angulation or kinking of the ureter or uieteropelvic juncture does not 
occur Elaborate methods of fixation are unnecessary 

Hydronephrosis which results from various abnormalities in the lower 
portion of the urinary tract and from pathologic conditions entirel} 
extrinsic to the urinary tract is not at all uncommon In cases of this 
tipe, however, a local conservative operation on the kidnei is seldom 
indicated Occasionally, the surgeon encounters definite h} dronephrosis 
'Mthout adequate anatomic explanation for its development 
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At timeb, h)dionephiosis maj develop, usuall) in one segment of a 
duplicated kidney but occasionally an both \Vhen hydronephrosis devel- 
ops in one segment onl} and the other half of the kidney is functioning 
noimally, a conseivative operation rather than nephrectomy is desirable 
In Piiestley’s experience, hemmephrectom) is the operation which has 


given the most umfoimlj satisfactorj' results The line of resection 
should be placed so that neithei a cahx nor a pelvis is opened If the 
involved segment is excised as a wedge-shaped section, the edges of 
the defect in the lemaming poition of the kidney can be approximated 
Occasional!) , a unilateral tused kidnej’^ presents a definite hydronephrosis 
m one segment, with resultant S3mptoms Geneially, this ina} be treated 
m the same manner as Iwdroncphrosis m one segment of a duplicated 
kidney Hydronephrosis sometimes develops in an ectopic kidney 


Nephrectomy gives the most uniform^ satistactory results in the treat- 
ment of kidneys of this type, piovided that the other kidney is in good 
condition Because of the abnormal position of the kidney and its 
unusual blood supply, conservative plastic operations are less often suc- 
cessful than in cases in which the kidney is noimally placed A horseshoe 
kidney which shows evidence of hydronephrosis usually presents a 
clearcut problem at the time it is exposed surgically According to the 
causes of liydronephiosis, the surgical indications Mill vary Ordinaril}’/ 
plastic operations on the ureter and pelvis can be perfoiined as easil} 


on a horseshoe kidney as on a single kidney 

There are certain general surgical considerations that seem impoitant 
in obtaining satisfactory lesults aftei plastic operations on the kidne) 
Absorbable suture mateiial is universally^ employ'ed A single row o 
sutures is adequate Drainage established by nephrostomy is wide} 
lecognized as a valuable adjunct to practically every plastic operation 
performed on the ureteropelvic juncture With such provision or 
immediate drainage during the eaily postoperative period, the incidence o 
secondary nephrectomy and functional failure of operation is definite y 
reduced The use of an indwelling catheter which traverses the loiver 
part of the pole of the kidney, the lower calix, the pelvis, the uretero 
pelvic juncture and the ureter in order, so-called uretei onephrostoniy 
when any plastic procedure has been carried out at the ureteropeJ'O 
juncture, is of definite value This catheter should remain in place or 
some time Fixation of the kidney in a position which is most favora ^ 
to good drainage at the conclusion of a plastic operation is genera } 
ad\nsable The wound always should be drained 

Stirling presented 3 cases of advanced py^electasis , the first is o 
interest because of the size of the tumor, which contained more t 


10 Stirling, W C Massive Hvdronephrosis Complicated bv Hjdro-Ure 
Report of Three Cases, J Urol 42 520-533 (Oct ) 1939 
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2 000 cc of fluid, and the question of diagnosis, the second was a laie 
case of subcapsular pseudohydronephrosis, and the third nas one of 
advanced hydronephrosis and hydroureter resulting from cai cinoinatous 
infiltration of both ureteral walls 

Marion expressed the view that the uiologist’s attitude towaid laige 
h) dronephi oses, which in the past have been removed without discussion 
or scruple, should be more and more one of conservation When a 
h} dronephrosis of great size is met, it is absolutely necessary to explore 
the opposite kidney, which is often equalty dilated, and to learn its condi- 
tion Such a hydronephrosis is to be treated ( 1 ) by suppression of the 
obstacle that caused it, which maj'^ be a polar vessel, a kmk oi a ureteral 
or pelvic stone, (2) by elevating the kidney as high as possible and (3) 
by piolonged drainage of the kidney, until the pelvis has returned to 
approximately its normal size or until it tends to no furthei diminution 
of size Capitonnage of the renal pelvis and the placing of an indwelling 
ureteral catheter may be useful aids to reposition of the kidne} s and to 
nephi ostomy 

Nephrectomy is permissible only when the hydi onephrosis is such 
as to make it impossible to bring the pyeloureteral legion to view and to 
remove whatever is serving as an obstacle Even then it should be 
resorted to only if the other kidney is sufficient in function If this is 
not the case, such enormous hydronephroses should be tieated by 
nephi ostomy 

Sometimes a great hydronephrotic sac forms quietly and without 
painful symptoms of any kind When attention is finally drawn to it, 
P}elographic examination is the means b)' which both the fact and the 
degree of dilatation can be determined, the pyelogiams always should be 
bilateral, for in more than two thirds of cases the condition exists on 
both sides 

The rule is to conserve the kidney as long as the function of the 
parenchyma can still be assured , while this lasts, nephrectomy is not 
the treatment of choice Marion has often saved hydronephrotic kidneys 
vhich, because of their dilatation, seemed valueless It is evident that 
under these conditions the lenal pelvis and cahces do not resume their 
normal appearance, but the lenal parench 3 nna takes on a much better 
function than was present when there was retention, and there is no 
longer aggravation of the lesion after the obstacle has been removed 

Conservation of such kidne 3 's will be brought about b 3 overcoming 
of the obstacle, high fixation of the kidne 3 ’^ and drainage established bv 
nephrostoinv P 3 'elographic examination will show ho\\ long this dram- 

11 Marion, G Traitement conservateur des grandes h^ dronephrosc';, T d’urol 
48 5-19 (Juh) 1939 
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agt should continue, usually the penod ^\Ill be three weeks to one 
month A second p\ clo^ram should then be made for comparison and a 
thud cl few weeks later If the kidnej is still diminishing, drainage 
ma} be continued longci 3 et Again, injection of opaque fluid b} the 
drainage catheter will show' w'hetlier the fluid passes easily into the 
ureter and also will pio\ide an idea of the time w'hen the dram maybe 
lemoved After its lemoval, closure of the fistula is usual!} rapid it 
peimeabiht} of the uretei at its pelvic end is completely reestablished 

Results are to be regarded from two points of view, anatomic and 
functional From the anatomic standpoint, it is ceitain that the normal 
size and relations never will be regained after large hydronephroses 
But functionally the results of conservative treatment are almost always 
excellent , patients are relieved of then foi mer suffering, and renal 
function, if It IS not wholl} normal, is at any rate notably improved 
If results are not m the end all that has been hoped foi, it is still 
possible to do nephrostoni} or nephrectom^ , accoi ding to conditions 

Tiimoi — Barney and Churchill reported a case of adenocaicinoma 
of the kidney (hypernephroma) The patient was a woman ot 52 m 
whom roentgenologic evidence of a metastatic nodule in the lung w'as the 
first sign of disease Nephrectomy w'as perioimed five months latei 
and fifteen months after nephrectomy the metastatic growth in the lung 
was excised by subtotal lobectomy The patient was alive five ycai"® 
later, m good health and without evidence of disease 

Barney and Churchill emphasized two points in their case 
metastatic tumor in the lung from the adenocarcinoma of the kidney was 
not radiosensitive If a metastatic growth apparently is solitary 
accessible to surgical removal, it is definitely worth while to undertake 
its removal as well as that of the primary grow'th 

PennephiHc Abscess — Foulds reviewed the lecords of 49 patients 
suffering from perinephric abscess The group consisted of 27 cases of 
so-called primary metastatic abscess, of w'hich the abscess was secondarj 
to preexisting renal disease in 16 and i elated to disease m adjoining 
organs m 6 

Foulds pointed out that in many cases the diagnosis was made 
late Various aids to diagnosis were used The shadow of the psoas 
niuscles on the affected side was obliterated in approximately 70 per cent 
o the patients, and in many of the remainder it was blurred or indistinct 
Roentgen evidence of scoliosis with the concavity toward the side on 
W'hich the abscess was situated was noted m slightly less than half o 


J D, and Churchill, E J Adenocarcinoma of the Kidnei 
Metastasis to the Lung, J Urol 42 269-276 (Sept) 1939 , , 

13 Foulds, G S Diagnosis of Perinephric Abscess, J Urol 42 1-4 1 
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the cases Scoliosis is pioduced by spasm of the lumbar muscles, caused 
by the abscess Foulds pointed out that physical examination will reveal 
this spasm before it can be shown to exist by radiologic procedures and 
described a new sign in the diagnosis of perinephric abscess He 
instructed the patient to stand erect and then to bend over, first to the 
suspected side and then to the contralateral side The spasm of the 
lumbar muscles on the side of the abscess could be abundantly demon- 
strated by the ease with which the patient bent to this side and his 
inability to bend to the opposite side Bending toward the side m which 
the abscess is situated caused little or no pain, but any attempt to bend 
to the contralateral side caused seveie pain This sign was noted in 10 
successive patients, and foi 3 of these 10 it enabled the author to make 
distinctly earhei diagnoses than would have been possible by other 
means The average duiation of symptoms pnoi to the patient’s entering 
the hospital in this series was three and four-tenths weeks Anothei 
nine days elapsed between admission of the patient to the hospital and 
operation Any procedure which will shoiten this period should prove 
to be useful 

Ptosis — Squillano recognized three types of nephroptosis ( 1 ) a 
movable kidney that is entirely silent, with neither subjective nor 
objective symptoms, (2) a movable kidney with more or less severe 
subjective symptoms but little disturbance of function or with slight 
pathologic aspects and (3) a movable kidney with both subjective 
symptoms and objective anatomic changes, which may be grave 

The treatment of the first group is medical, consisting in the use of a 
belt and the administration of urinary antiseptics For the second group, 
nephropexy is indicated to relieve pain, digestive disturbances and 
eventual nervous symptoms For the third group, with which the most 
common complications are hydronephrosis, pyonephrosis with attacks of 
renal strangulation and sometimes grave hematuria, caused by venous 
stasis, treatment must be first addressed to the complication and then 
completed by nephropexy The conditions may call for resection of an 
overdilated renal pelvis, fieeing of intestinal adhesions, fixation of a 
ptosed colon or removal of an appendix 

General points to be observed when nephiopexy is to be done are 
(1) freeing the kidney, (2) placing it in its new site and fixing it, (3) 
inspecting the renal pelvis and ureter, (4) liberating the ureter and 
placing it m a new direction, (5) making as little change as possible in 
the renal pelvis and (6) varjing the technic according to the comphca 
tions that may be present In manv cases, pcrinephntis and pericolitis 

t4 Squillano, G Sulle ptosi renali Terapn cliirurgica della ptosi renali 
•^rch ital di urol 16 127-151 (March- \pnl) 1939 
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which have been causied by inflammation of the kidney and the colon 
may be the cause of the patient’s pain Kinks and compiessions ma} 
be found, oi the suigcon ma} come on abnormal veins 

In the presence of a movable kidney, the typical lumbar incision is 
made below the twelfth iib, Avith a view not only to facilitating the 
freeing of the kidney and peimittmg fixation, but also to creating a 
moie ample bed foi the kidnc}, m wdiich it wall not be compressed 
Nephropexy ma} be done by fixation, wdnch may be accomplished 
by tiansfixing of the lenal parenchyma or partial or total decortication 
of the kidney, or by constiuction of perirenal “hammocks,” wdnch sup 
port the organ and allow' the adhesions to form 

Caporale in 1934 made experiments m fixing the kidne} by the 
peinenal subcapsulai placement of a catgut ribbon, passing loops of the 
iibbon through the incisions, both longitudinally and transversely, to rope 
the kidney up Because, how'ever it w'as difficult to obtain the material 
of this catgut ribbon, he substituted the perirenal subcapsular placement 
of catgut thieads, lunnmg a series of foui threads vertically and four 
transversely tin ough the substance of the capsule, until these completely 
surrounded and supported it, like a hammock After tying, the hvo 
uppei ends were fixed in the tenth intercostal space, and the transverse 
threads were attached in the lumbar space The technic is improved 
by exeiting diflfeient traction on the various threads, so as to place the 
kidney in the best possible position, as neai as possible to the normal 
In expel iments on dogs, Capoiale found that after seventy days no 
signs of the sutures could be found on the capsule After fifty days 
solid adhesions had formed between the kidney and the posterior w'all, 
consisting of fibrous bundles lying transversely to the direction of the 
capsule A lesion of the paienchyma w'as not found in any dog 
This method is now regularly used m the clinic of the University of 
Turin, with excellent opeiative results Provided the diagnosis is accu 
rate, the proper indications present, the technic correct and the post 
operative care suitably carried out, nephropexy by Caporale s metho 
justifies all the hopes that have been pinned to it 

Cyst Thevenard drew attention to a case in w'hich he mad 
the clinical and histologic diagnosis of pseudocancerous cyst of tie 
kidney In a man 66 years of age, the fiist indication of the presence 
of such a cyst was an extensive, sudden, spontaneous hemorrhage frof 
the urinary tract, unaccompanied by pain Three weeks later, hematuria 
of the same character again occurred, lasting thirty-six hours 
enormous mass was palpated on the left side, with smooth, regular out- 
hne, having all the characteristics of a renal tumor 

a-T ^ Kiste solitaire du rein a forme pseudo-concereuse, J dur 

47 478-482 (June) 1939 
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At operation a polar vessel was found and ligated , a large, two-lobed 
cyst occupied the hilum, with two veins passing in front of it and the 
other elements of the pedicle behind Section of these two veins made 
it possible to draw the kidney forward and give access to the principal 
pedicle, thus accomplishing nephrectomy without other difficulty The 
C3St occupied the entire kidne}'’, leaving only a thin layer of parenchyma, 
with a few cystic nodules on the surface of the oigan It was mul- 
tilocular, with two principal cavities, and its content was serous At 
the upper pole could be seen the source of the hemorrhages, a dark 
spot, intensely congested, m one of the pyramids 

The pyelographic image taken in vivo was perfectly supenmposable 
on that of the operative specimen, but the foimer was more instructive, 
the lower calix of the cvst appearing as if sti etched between two fixed 
points, one renal and the other ureteral, freeing of adhesions at opeia- 
tion caused the specimen thereafter to present only the appearance of 
common hydronephrosis 

Although resection is evidently the ideal treatment for such a cyst, 
the intrahilar position made this type of operation rathei complicated for 
the elderly patient concerned, and nephrectomy seemed safer than hemi- 
nephrectomy, especially since there was basis for fear that malignant 
degeneration might have already begun, in view of the evident long 
duration of the cyst The fact of the occurrence of two profuse hem- 
orrhages served to strengthen this view Although histologic examina- 
tion showed this cyst to be benign, some other similar instances of the 
condition have been malignant, and it seemed unwise to risk the develop- 
ment of carcinoma a few months later m the kidney that served as its 
host In such cases it would appear that performance of nephrectomy 
IS preferable, but lack of statistics on the subject makes a definite 
judgment impossible at the present time 

Caibuncle — Ingrish reported 11 cases of metastatic staph} lococcic 

infection of the kidney, proved by opeiation 

The primary focus m each of the 11 cases nas a cutaneous suppura- 
tive lesion of no certain situation The organism isolated from the 
involved kidney was Staphylococcus aureus 

A rather frequent diagnostic physical sign is a stony-hard costo- 
vertebral rigidit} on the affected side This is caused b} a tremendous 
pcnncphiic reaction and marked thickening of the fatty capsule, Mhich 
becomes leather} Fulness over the renal angle is charactensticalh 
absent except in cases m uhich an associated perinephric abscess is 
present 

16 Ingnsh, G A Carbuncle of the Kidne\ Report of Ten Cases, T Urol 
42 (Sept ) 1939 
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The uuni. in llic niajouty of cases was characteristically norma! 
except lot a slight ti.KC of albumin, which undoubtedly was the result 
of toxic nephritis 

Intiavenoub urogiaph) in conjunction with the careful interpretation 
ol a flat ioentitcnos,aani, when localizing symptoms are piesent and a 
histniiy ot a uemt cutaneous lesion has been evinced, usually will suffice 
to niaki a clniinosis Cjstoscopic examination is seldom indicated 

Lcbions on the anteiioi suiface of the kidney are associated with 
abdominal ssmjitomb which at times lead to an erroneous diagnosis of 
intia-abdommal disease 

Ingii>h stated that considerable confusion and differences of opinion 
exist in tlie htciatuie as to tieatment As conser\ative treatment with 
incision ^nd drainage failed to effect a cure in 2 of the 11 cases, it is 
telt that the toxic patient, especially if more than one lesion on the 
kidney is present, should be subjected to nephrectomy rather than to 
some form of conservative surgical intervention 

The postoperative management of the patients is important, as they 
show evidence of myocardial damage caused b} prolonged and severe 
sepsis and for that reason they should be kept at rest in bed until the 
pulse approaches normal 

Renocoltc Ftshda — ^Ratliff and Barnes^' leported 2 cases of reJ’O 
colic fistula between the left kidney and the descending portion of the 
colon In 1 the condition was long standing and was tuberculous The 
patient withstood nephrectomy but died after subsequent suigical inter 
vention for closure of a fecal fistula The other patient was acutely 
ill The fistula was demonstrable by both pyelography and retrogra e 
ureteral injection of methylthionme chloiide (methylene blue) 
Recovery with closure of the fistula followed prolonged conservatnc 
treatment with ureteral drainage and pelvic lavage 

These cases emphasize the value of conservative treatment ft is 
apparent that in the first case, m which sinuses were present, drainage 
by catheter probably would have been of no avail, particulaily m 
of the tuberculous background Nephrectomy was conservative treat- 
ment m this case In the second case drainage by catheter was 
conservative therapy In the presence of minimal nontubercu ous 
infection without the complications of sinuses or ureteral obstruction, 
conservative treatment is justified 

Hydiocele — ^Woodruff and Rupert^® reported a case of hydrocele 
of the kidney The patient was a boy 7 years of age who had multip e 
contusions and abrasions on the left side of his body following an auto 

17 Ratliff, R K , and Barnes, A C Acquired Renocolic Fistula Repo'" 

Two Cases, J Urol 42 311-316 (Sept) 1939 „,o 0,7 

18 Woodruff, S R , and Rupert, H S Hydrocele Rems J Urol 41 919 
(June) 1939 
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mobile accident He had seveie abdominal pain in the uppei left 
quadrant A diagnosis of hydi onephrosis was made, and an opeiation 
was performed the following day A large accumulation of fluid was 
found in a well developed sac adherent to the suriounding tissues, which 
entirely surrounded the kidney The first procedure was mei ely to dram 
the sac, and at a latei operation the kidney was lemoved 

Woodruff and Rupert stated that the treatment foi this condition — 
hydrocele renis — is surgical They stated the belief that in instances in 
which there is a massive collection of fluid a two stage operation is safer 
than other measures and should be employed 

Lipomatosis — Celia collected 70 cases of lipomatosis of the kidney 
from the literature, to which he added 3 of his own Gathering all into 
the form of a table, he showed that in every case the kidney had been 
altered by toxinfectious or calculous processes or had undergone 
sclerosis, prior to the infiltration of fatty deposits, which giadually 
replaced the parenchyma and led to complete destruction of the organ 
Such changes always precede the infiltration or replacement by adipose 
tissue 

Renal lipomatosis is a rare disease, found especially between the 
fiftieth and sixtieth years of age, more frequently on the left side, 
exceptionally on both and slightly more frequently among females than 
among males The fat is an extrarenal tissue, derived from hypertrophy 
of the pelvis, which, following the elements of the renal pedicle, in 
general the vessels, infiltrates the parenchyma of the kidney It can be 
readily differentiated from peiirenal lipomatosis and from lipoma of 
tbe fatty capsule or of the renal parenchyma 

Theie are no pathognomonic S3TOptoms, and, accordingly, the 
diagnosis of renal lipomatosis is clinically only presumptive In fact, 
every case on record constituted a surgical or an anatomic observation 
Since patients having the condition do not have a diagnosis pre- 
operatively, treatment naturally is directed toward combating the diseases 
which are its forerunners, such as infection, calculosis and other 
pathologic processes But when, during the course of operation on the 
kidne}', the renal parench3'ma is found to be the seat of lipomatosis, 
nephrectomy or, better, removal of the entire fibrolipomatous mass is 
the treatment of choice The surgeon should bear m mind, however, 
that because of the development of perirenal fat, which sometimes 
encircles the hpomatous kidne3% the topograph3' of the tissues sur- 
rounding the kidney is modified, and he must be on guard against 
causing the complications and accidents (hemoirhages or rupture of 
sacs vith purulent content) which may arise when a kidne3’' in this 
condition is operated on 

Celia, C Sulla lipomatosi renale, Arch ital di urol 16 S7-I26 (Tan - 
Tcb) 1939 



556 


ARCH II' ns OP SURGLRl 


The piognosis depends on the causatne background of the condition, 
and since the intectious and calculous conditions persist, the course 
IS gencially slow and progressne In advanced stages of the disease 
all tunction of the kidne} is lost If it is not removed, it wall deliquesce 
and fill the entire ca\ it\ w iih pm ulent fluid and with calculi, representing 
lemnants of the calices and the pelvis Finalh the infection extends to 
the bladder and thence to the other kidney, and the patient will die, as 
OLCurred in 1 of Celia’s cases Usually, ho\\eNer the mass can be 
disco\ered and remo\ed before such an extreme condition arises 
1 he condition sine qua non for latt} infiltration of the kidne) is 
pnmar} atioph) of the renal parenchjma, uhich often occurs "ih' 
chionic suppmative processes associated with calculous or inflammatori 
processes Rickards legarded this infiltration as physiologic compensa- 
tion, alwa^s secondary to degeneration of the parenchyma The infiltra- 
tion may be limited to small zones of medullar}^ substance, in early 
stages, or may involve the entire organ, in more advanced ones 

Fatty replacement of the kidney is in the opinion of Hamm and 
de Veer a frequent accompaniment of a cariety of lesions leading to 
atrophy or destruction of renal tissue The}' selected 6 cases to iHus 
trate mild, moderate and advanced grades of this condition In 5 cases 
stones and infection were present According to their observations, 
extensive fatty replacement of the kidney is encountered only among 
obese patients The process is one of hyperplasia of the adipose tissue 
normall) present in the renal sinus, and this hyperplasia is not the cause 
of renal atrophy or destruction but is a secondary phenomenon, w'hici 
of itself is of little significance According to the view's set forth ) 
Hamm and de Veer, designations connoting a neoplastic, invasive or 
destructive process should be discarded for one that clearly indicates 
the secondary nature of the process, and the latter should be used on } 
to amplify the description of the pathologic lesion to which it is sec 
ondary Of the many descriptive terms suggested the most apt seems 
to be fatty replacement,” employed, for example, as m “pyelonephritis 
with renal atrophy and fatty replacement” 

Ail opine PyelonephuUs—Lieherthal^^ stated that pyelonephntic 
contracture of the kidney consists of shrinkage of the renal substanc 
as a result of chronic suppuration 

Various transitions to hydronephrosis and pyonephrosis are fee 
quently seen The development of the condition under discussion m a 
pure form depends on the presence of low grade suppuration an 

20 Hanrni, F C , and de Veer, J A Fatty Replacement Following Rcua' 
Atrophy or Destruction, J Urol 41 850-866 (June) 1939 

21 Lieberthal, F Pvelonephntic Contracture of the Kidney, Surg, G>ne 
& Obst 69 159-171 (Aug) 1939 
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usually of low grade obstiuction It is, therefore, not uncommonly 
seen in cases of pelvic calculus It is most frequently confused both 
clinically and pathologically with renal hypoplasia and is usually 
unilateral 

The most important diagnostic observation is that of a marked 
functional defect in the involved kidney The pyelogram reveals a 
pelvis which is of normal size or slightly dilated Pyelonephritic con- 
tracture occasionally is bilateral The symptoms may then resemble 
those of chronic glomei ulonephritis with contractuie Unilateral pye- 
lonephritic contracture may cause hypertension, which ma)'^ be relieved 
by nephrectomy 

N'eaosis — Larson and Bennett piesented 2 cases of symmetric 
cortical necrosis of the kidneys demonstiated at necropsy These cases 
were of particular interest because the necrosis was associated not with 
pregnancy but ivith acute delirious mania and lobar pneumonia The 
renal lesion in both instances was ischemic infarction, with relatively 
little hemorrhage within the renal cortex Both grossly and micro- 
scopically, the necrosis lesembled the white softenings so commonly 
seen m the brain and myocardium, in which no pathologic process in 
the wall of the vessel and no thrombosis can be demonstrated The 
thrombus found m the renal vein m 1 case was considered to be of 
secondaiy origin The finding of multiple petechial hemorrhages in 
the mucosal surfaces of the body and m the parenchyma of the brain 
m the first case suggest generalized functional vascular disturbance 
similar to that commonly observed in fatal instances of acute delirious 
mama 

The cortical necrosis observed in 1 instance was less marked than 
that in the second, which could be explained by the fact that the imme- 
diate cause of death was lobar pneumonia and not the renal lesion per se 

Infected Wounds — Mathe reported a case of overwhelming infec- 
tion of a renal incision following nephropexy and sympathectomy, the 
infection ivas caused by an anaerobic streptococcus as well as b}'^ Staph 
aureus This infection resisted all forms of treatment, including com- 
pression, surgical drainage, lavage with commonly used antiseptic 
solutions and the local and general use of chemotherapy The anaerobic 
nature of the infective organism was diagnosed by special culture 
Prompt cure followed the institution of serotherapy, which consisted 
of establishing the patient’s tissue reactivity to antigen therapy to be 
used later by supplying her with intramuscular injections of preformed 

22 Larson, C P, and Bennett R J Sjmmetncal Cortical Necrosis of tlie 
Kidncis Report of Two Cases, West J Surg 47 4S1-4S4 (Aug) 1939 

Mathe, C P Diagnosis and Treatment of Secondare Anaerobic Infections 
01 Kidnc\ Wounds, J Urol 42 48S-49S (Oct ) 1939 



55S 


ARCmi LS OF SURCLRY 


immunized bv V ^*°*^^* seemed fiom donors prcMoud} 

obtained fmtn com sc of injections of undenatiired antigen 

mtiadeinni I organisms Spectacular cure tollowecl the 

antmens A ‘^'•’^‘*”^ous and local injection of iindenatured bacterial 
lomc na ‘ ”^ciojic inlcctions of icnal incisions present an immuno 

cooDenMm^ ^oigical pioblem, and cme is best obtained by the 

coopemtimi of the smgeon uith the bacteriologist 

tnsfpioMo experiments on the mouse indicate that tes 

mailed administered dining two to three weeks causes 

charactei?^ kidneis Histologicalh, such kidneys are 

Pioximnl r I i^ Pionounced hypertiophj of the epithelium of the 

paiietal'l convoluted tubules and ot the epithelium lining the 

paiietal lamina of Bowman’s capsules 

adrenal TLiMOR 

recoveiv ‘cported a case of cortical caicmoina with operative 

of the altliougli sixteen months after operation many 

He sfpfp Tfi^ cetmned, suggesting lecurrence of the tumor 
known tn i i ^ nioitahty m adienocoitical carcinoma is 

the adrenopn f”V’ cases in wdneh the metabolic type of 

course of b> ^ syndiome is m evidence The stormy postoperative 
removal of thrtumL”^ 'Hustiation of the seveie reaction following 
probably as a result of ’ malignant tumors of the cortex, 

opposite adipnr,] ^ growth, seem to affect the 

as a rule cause hyperplasias and, 

sodium chlnrid 1 ^ atiophy In addition, administration of 

diately before InT adienal cortex eithei routinely (imme- 

of ereat p<!s f a er operation) or at the first indication, has been 

redu^ng " 

oosis of adrenarmrn^^ intravenous urography m the differential diag- 
the unner rah u stiessed and characteristic changes m 

pyelogTanhip c ^ descubed which seem to offer a new 

Py ographic sign m the diagnosis of some of the tumors 

URETER 

colonic phstlTloer that the performance of a uretero- 

______ P ation in the piesence of infection or m a potentially 

(Oct ) 1939 ’ ^ of Testosterone on the Kidney, J Urol 42 637 641 

25 T K 

(Sept) 1939" ^ Carcinoma of the Adrenal Cortex, J Uiol 42 277-257 

42 27-34 (July) I939 ^eral Transplantations An Experimental Study, J Urol 
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infected field may lead to immediate serious sepsis or result m a late, 
poorly functioning anastomosis 

Use of the intact uieter peimits a unifoim safe attachment to the 
mucosa of the bowel, by primary healing The chances for the develop- 
ment of an ascending infection after the first stage of the operation 
are minimal 

The problem is to obtain a permanent functioning fistula following 
the second procedure A lateral anastomosis is likely to be followed 
by stenosis Excision of a piece of mucosa duimg the second stage, 
plus a more careful approximation of the uieteral mucosa to the mucosa 
of the bowel, has given the best results experimentally An excessive 
portion of flee ureter projecting into the lumen of the bowel may 
predispose to infection and constriction of the new ureteial orifice 
Immediate surgical survival gives no assurance that late complica- 
tions and fatalities may not occur Statistical data on final lesults and 
fatalities are incomplete 

New operative technics should first be thoroughly investigated 
experimentally At least one year’s postopeiative observation seems 
necessary for evaluation of a new procedure 

Wade discussed the conditions for which he has found it neces- 
sarj to perform the operation of A'^esical exclusion or deviation of the 
urinary stream They include exstrophy of the bladdei, subsymphysial 
vesical exstrophy or epispadias in the female, vesicovaginal fistulas 
arising from obstetric oi surgical injury or from the use of radium, 
carcinoma and chionic vesical tubeiculosis 

The simplest and safest procedure is to transplant the meters onto 
the loins Despite the disadvantages of continuous unnary drainage 
onto the suiface of the body, this operation is still justified m the pres- 
ence of advanced malignant disease in which the situation is desperate 
The standaid piocedure, however, is to transplant the ureter into 
the colon and rectum, theiebj’- establishing a cloaca In certain animals 
m nhich a cloaca exists natuially, it is noted that, even though the 
cbannel is common, portions of it seive separate functions one portion 
being the urodeum, m which the urine is collected, and one portion 
being the pioctodeum in vhich the intestinal contents gather In tlie 
human being whose ureters are transplanted to the pehic portion of the 
colon, it IS found that comparatn el) soon a urodeum and proctodeum 
dc\elop as can be demonstrated by excreton urographi 

Wade reported that he uses the Coffe\-Ma\o technic, by means 
of which bilateral simultaneous implantation is done in all cases made 
pos'sible 1)^ the use of intraienous infusions of isotonic solution of 

27 Wade, H T!ic ENpectaI 1 c^ of Liie \Uer Ureteral Transplantation, Edm- 
inirch M J 4G 61-82 (Ecb ) 19S9 
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sodium sulfate This piocedurc promotes immediate renal secretion 
and piofust diuresis and prtaents anuna, which might otherwise resu 
irom the obstuietuc edema at the site of the anastomoses 

\^ ade consideied important m postoperatne management ( ) tie 
use ot a leetal tube eontmuously to preaent the accumulation o unM 
m the iteuim and to pie\ent the passage of flatus, (2) mtrave o 
mtusioiis ut isotonic solution of sodium sulfate and (3) sma os 
ot solution of posteiioi pituitary (025 cc ) every six hours tor ore 
distention ot the bowel 

Suftieient time has elapsed since the use of this operation to es 
its effect on the expectancy of life For this purpose it is 
select p.itieiits having had this operation who were in soun 
health and tiee from disease but wdio b}’’ dei elopmental error or 
dent hare sufteied iiieparable damage to the unnary bladdei ^ 
Patients who have exstroph}’’ of the bladder are m this ca 
\Vade review^ed the history of 4 patients w'ho had this con 
were operated on, respectively, thirty, tw'enty-eight, tw'elve an 
years ago They were all well and leading healthy useful ues 
time of wTitmg Under these circumstances, the operation o u ^ 
transplantation is a relatively safe pioceduie and full)' 
method of treatment for such distressing disabilities T re ^^(,5 
tahty which follows the piocedure at times especially m tie p 
of caicinoma of the bladder, is the result of the primary 1^ 
not of any mheient disadvantages of the transplantation itse 

Tins fact is illustrated by Wade’s statistics, which include t^^ ^ 

results 111 60 cases The ureters were tiansplanted to j-jje 

instances (eleven and twelve years ago) to a fistula , jO) 
bowel in 54 (two stages, 14, one stage, 30, wuth a single u 

The results in the wdrole series weie as follows 


Nonmalignant conditions 
Carcinoma 

Total 


Cases Recoveries 
27 20 

33 16 

60 36 


Deaths 

7 (25 9V0) 
17 (51 5 ^”') 

24 


n by tbe 


Since January 1936, the results have improved, as is show 
following tabulation 

1» (9Vo) 
6 


Nonmalignant conditions 
Carcinoma 

Total 


Cases 

11 

14 

25 


Recoi enes 
10 
8 


18 


* Cemcal carcinoma treated by radium with the formation of fistulas 
the bladder and rectum 


from 


jnto 


brought 


lio 


The high ultimate mortality in cases of resical carcinoma is 
out by the statistics in the table, which include those on 
died man) months or years after the operation from the na 
of their primary disease 
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Wade concluded that when the uiinary bladder has been so seriously 
damaged as to be incapable of repair the creation of a cloaca by trans- 
plantation of the ureters into the pelvic colon is indicated The risk to 
life IS not undue, and the expectancy of life is good 

Ohsti iichon — Campbell discussed the important ureteral obstruc- 
tions which occur among children, the majority of such obstructions 
are congenital Persistent pyuria and pam in the loin are the two most 
common primary symptoms Gastrointestinal disturbances will be noted 
in approximately a fourth of the cases of unilateral obstruction and in 
more than half of the cases of bilateral obstruction In most instances 
a thorough urologic examination will readily determine the correct diag- 
nosis The indications for urologic examination have been stated It 
is important to impress on pediatricians and othei practitioners (1) 
that children endure these instrumental investigations far better and with 


Analytic Results 



Cases 

Post 

operative 

Mortality 

Ultimate 

Mortality 

Sur 

vital 

Vesical carcinoma 

27 

13 

23 

4 

Vcsicovatmal fistula (obstetric injurj) 

9 

0 

0 

9 

Vesicovaginal fistula (radium burn) 

3 

2 

2 

1 

Persistent vesical systole (tuberculosis) 

6 

2 

4 

2 

Congenital abnormality 

6 

2 

2 

4 

Urethral carcinoma 

4 

2 

3 

1 

Intractable cystitis 

3 

0 

0 

3 

Urethral stricture 

2 

2 

2 

0 

Urethral fistula 

1 

I 

1 

0 


* To the time of writing 


fewei reactions than do their elders, (2) that cystoscopic reactions occur 
less often among the young and (3) that fear of an untoward reaction 
alone never should be considered a contiaindication to urologic investi- 
gation for a child Treatment in such cases usually can be conservatne, 
and the patient should be given the benefit of conservatism so far as 
IS compatible with good surgical judgment In many instances ad'v anced 
disease of the upper portion of the urinary tract consequent to the 
obstruction or the complicating infection will require radical surgical 
attack and fiequentlj loss of the kidnej Campbell stated also that 
pioper surgical attention to the child preoperativeh , in the operating 
room and postoperatively will be re'\\arded bj satlsfactor^ results and a 
surpnsingljf low mortality 

Rudnick and Cornell reported 38 cases of ureteral pain in Inch 
stricture of the ureter vas demonstrated in 34, and ureteritis in 31 

28 Campbell, M P Ureteral Obstruction in Children, T Urol 41 660 67b 
(Ma\) 1039 

2'’ Rudnick, D P , and Cornell, E L Clinical Mamiestations oi Sf’C'ure 
the Ureter in Women, T Urol 41 679-6S6 (Ma\) 
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Abdominal oi lumbai pain or discomfort is the piominent synip 
tom The symptoms are frequently periodic and often associated with 
menstruation Vesical symptoms are not prominent 
’ The diagnosis is easily made by vaginal palpation of the uretcis 
which aie always tender In many instances the pain of which the 
patients complain can thus be repioduced by the physician 

The ui ologist must not be content with being able to pass a no 5-F 
catheter to lule out a stiictuie Number 7 or no 8 bulb-tipped catheters 
aie prefeiable The average dilatation should be to the diameter of a 
no 10-F catheter In 75 pei cent of the cases one dilation suffices 
Passage of the ureteial catheter reproduced accurately the “ureteral 
pain” of which the patient complained in all but 3 cases 


Ui etei ocele — Huth reported a case of ureterocele in which the 
ureter extruded from the bladdei The patient w^as a woman aged 27 
When she was a child, a mass had suddenly piotruded from the urethra 
and had been replaced Two years previously she had experienced 
severe pain on vomiting and had felt that something was forcing itself 
through the neck of the bladdei On examination she had found a small, 
led, painful mass at the urinary meatus 

C}stoscopic examination demonstiated low grade cystitis A smooth, 
round mass about the size of a hen’s egg was seen in the left half of 
the bladder The termination of this contoui below \vas at the site o 
the left ureteral opening, where a nariow pedicle communicated with 
the mass, which was identified as an enormously dilated ureter The 
wall \vas soft and permitted indentations by the uieteral catheter The 
apex of the mass was red and apparently inflamed, probably hecau-c 
of repeated exposure through the urethral opening A contrast mediimi 
was injected intravenously, and in twenty minutes a urogram snow 
the right kidney to be normal in size, shape and position and to be con^ 
centrating the dye in a noimal manner Theie w'as no 
either the pehis or the ureter, the orifice of which wms nonnal 
left kidnej' wms much enlarged The left ureter was coiisidera ^ 
enlarged The ureterocele w'as showm by a large, normal 
the cjstogram At the ureteropelvic juncture there seemed to be a 
or obstruction, but there wms little pyelectasis . 

With the patient under ether anesthesia, the right ureter wa« ' 
with the Neil Moore fin bougie and cut with a short wave cuttiiit,^^^^^ 
rent Later, the left ureter was fulgurated, which destroved ^ 
portion of the superior circumference In neither operation " ^ ^ ^ 
bleeding experienced and the patient had no shock Rccovcrv 
uneventful 


30 Huth PE \ Large Ureterocele Winch 
on Voiding T L'rnl 42 534-537 COct) 1939 


Extruded irom Eennic 
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Later, cystoscopic examination showed a large ureteral orifice on the 
left side A cystogiam, made with sodium iodide, showed reflux up the 
left ureter, but the uretei was much smaller than it had been before 
opeiation, and the kidney had assumed its normal contour The right 
kidney and ureter appeared normal, and the bladdei was normal 
One year latei, the patient did not complain of an} symptoms 
Indigo carmine injected intiaAcnousl} was eliminated from the right 
kidnc} in eight and one-half minutes and fiom the left kidney in three 
and one-half minutes The general health of the patient w'as excellent 

BLADDCR 

Bcei ” discussed the suigical treatment of mfiltiatmg caicinoma of 
the bladdei 

In cases m w'hicli the tumor and the mvoh ed w aU of the bladder can 
be excised, this type of operative tieatment, often involving i eimplanta- 
lion of the uretei, gives the best results With some of the moie 
extensne giowdhs total c}stectomy, if feasible, ^ives surprisingly good 
lesults judged by five year cuies With other moie or less extensive 
giowth ladon seeds may have to be mtioduced, by means of cystotomy 
01 through a cystoscope This is alw'a\s a hit oi miss affair, because 
tlie surgeon cannot accurately delimit the extent of the infiltrative proc- 
ess by sight or by palpation fiom within the bladdei Despite these 
hmdieaps, a small percentage of patients so tieated seem to be defiiiitelv 
cuicd Tlie end lesults, howeeci, aie far infenoi to those obtained m 
( ists in w'hich the lesion is lesectablc 

Uiologists who Ime had an extensne senes of j^atients (in Beer’s 
tliiiiL almost 700 patients haec been ticatcd) gradualh ha\c come to 
I I'ettei undci standing of the problem iinohed, and it is most encourag- 
ing to see that the last icport of the Rcgislri , in 1936, confirms Beer’s 
uiikIusiohs that suigical excision and resection gne the best end results 
In his own expeiience Beei has found that there arcy on the one 
hind, benign pajnllomas and, on the othei, two tepes ol carcinoma 
tin) papillare caicinoma with atapical celh plus imasion of the 
Mioina and occasional thrombi of the hmph \csscls (1 b) papillary 
tninor'' with tlu‘=c ehaiacterKtics plus an infiltration and iinasion of 
dll w dl of the bladdei to aaning depths and (2) more or less solid 
inoic OI less nodular, infiltrating carcinoma extending well into the 
will OI the Mulder and occasionally extending widely m a horizontal 
din (.lion 

III a recent reyieyy by Beer on total cy'-teciomy it y\as found that 
till nio.e ridical the surgical treatment the higher the percentage of 

! iMe'' ] T! c ''urfanl Treatr c It OI Irfihrai I e Qi'-ciana a r , ii e B'-’r dc' 
c G\ '-c a Ob i O'! ns 114 (1 1\ I loso 
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five year cures In a senes of 24 malignant tumois of the bladder for 
which total cystectomy had been performed, 6 patients died after the 
operation Of the 11 patients operated on up to five years ago, 2 
died, the deaths being classified as operative Among the other 9 
patients, who survived the operation, those who survived for five years 
or more constituted 55 per cent of the whole group In 88 cases of 
carcinoma of the bladder, papillary^ and infiltrating. Beer had 15 opera 
tive deaths Sixty-five patients could be followed to test the value of 
the therapy, and 24 weie cured for five years 

In closing. Beer emphasized the importance of learning the tediiuc 
of partial cystectomy, with or without ureteral reimplantation, as well 
as the technic of total cystectomy with implantation of the ureters m 
the skin or in the bowel, because all other methods of approaching this 
most difficult pioblem are hit or miss procedures 

Dai get and Lange reported the results of treatment of tuinois of 
the bladder by implantation of radium needles, with a statistical study 
of 60 cases Thirty patients were still alive at the time of writing 
The immediate mortality was 3 3 pei cent Four other patients died 
in the following two months Thirty-two patients lived more than fnc 
years Of these, Dai get and Lange considered 14 completely cured 
Colby reported a group of malignant tumors of the bladder ui 
which the patients were tieated by supervoltage roentgen irradiation 
with a recently devised million volt generator Although the series is 
entirely inadequate as a basis on which to evaluate fairly this form o 
treatment, certain tumors appear to be profoundly affected, with con 
siderable regression Those portions of the tumor which project n 
the cavity of the bladder seem to be affected considerably 
those which have extended through the wall of the bladder 
tumors are affected little, if any, and are considered “radioresistan 
It IS not considered that supervoltage irradiation, in its presei 
takes the place of operation in instances of circumscnbed cancer v 
can be adequately removed The doses so far employed are pro < 
considerably less than it is possible to use, but more 
necessary to standardize the dosage and to determine the ultimate 
The local and general untoward reaction of the tumors is less a 
low er 1 oltages and the regression more evident 

De Waard reported 2 cases of tumor of the urachus 


32 Darget, R , and Lange, J Resultats du traitement des (eta 

■lessie par I’lmplantation d’aiguilles de radium a vessie ouverte en un 
tistique integrale actuelle) J d’urol 47 273-286 (Apnl) 1939 I3Iad''«f 

33 Colb-v, F H Super-Voltage Radiation in the Treatment 
Tumors, J Urol 42 538-553 (Oct ) 1939 

34 De Waard, T Two Rare Cases of Bladder Tumor (Urachui. 

J Urol 42 554-558 (Oct ) 1939 
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In 1 case the patient ^^as a woman aged 54 %\ho had been experienc- 
ing recurring lesical trouble Cystoscopic examination revealed diffuse 
cystitis In the median line, m the upper part of the bladder, a slight, 
clearly outlined swelling could be noticed, in the center of which a 
tuft of fibers, such as were floating m the urine, could be made out 
protruding into the ca\ity of the bladder A ureteral sound could be 
intioduced about 2 cm through these fibers into vhat was, apparently, 
an existing duct or cavity The urine from both kidneys was completely 
normal The bladder was filled and the peritoneum was opened by 
supiapubic incision A tumor the size of a mandarin was found in 
the wall of the bladder The peritoneum had grown firmly to this 
111 the place m which the peritoneal fold usually is found It was impos- 
sible to remove the peritoneal covering , so an incision was made around 
It. and the abdominal cavity was opened The tumor ivas found 
attached to a thick string of omentum which stretched m the direction 
of the gallbladder This string was cut through, and the tumor was 
extraperitoneahzed It w'as removed from the wall of the bladder, 
and the bladder was closed A good result w’as obtained 

In the second case the patient w'as a 37 year old man who com- 
plained onl> of occasional pain m the lower portion of the abdomen 
Cjstoscopic examination demonstrated a small growth resembling a 
papilloma in the upper pait of the bladder, which bled occasionally for 
seicral months At a second cjstoscopic examination a granulating 
defect was found in the region of the papillary grow'tli Operation, 
similai to that in the previous case, revealed a similar-sized tumor, 
which also could not be separated fiom the peritoneum The tumor was 
remov ed 

^t C)stoscopic examination both the tumors were found to be cov- 
ered with mucosa In the fust case there was a duct about 2 cm m 
depth and in the second thcic was a small suggestion of a similar duct 
The diagnosis in the second case was colloid carcinoma 

U!c(i — Kretschmer^' reported 138 cases of elusive ulcer of the 
bladder 1 here seems to be a prevailing opinion among some urologists 
tint patients hiving this condition arc never cured and that they must 
heir then condition until death Xot all urologists, however, share this 
point of view In i recent article Cremhaw stated “that the end-results 
are better than thev arc gcneralh believed to be he found that 72 
pel cent of his pitients stated that thev were improved or cured, 59 
pvr cent that thev were grcith improved or cured and 40 per cent that 
thev were cured Greinhavv stated aKo that resection slionld be done 
moie ireqncntlv thin it n at the present time in suitable instances 

knuclm’ir H I Ehnnc Ulcer of the Rhdder \ Report of One 
lb ,Irtu n, P Thirtv I'ld t Cases T I rol 42 SSiS-SOS I lO'O 
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In Kietschmer’s senes of cases the youngest patient \vas 20, and the 
oldest was 81 One hundred and nineteen of the patients i\eie women, 
and 19 were men 

Some of the most striking results have been obtained in so-called 
early instances of the disease Therefore, Kretschmer stiessed the 
importance of obtaining a caieful history and of bearing in mind the 
possibility that a patient expeiiencing fiequent and painful urination 
may have an elusive ulcei Frequency of urination was present in 
every instance Geneially mild at the onset of the disease, it is often 
temporarily relieved, but the disease is progressive, and urinary fre 
quency, as well as pain on unnation inci eases 

There is no standard treatment for elusive ulcer Wide resection 
of the ulcer-bearing region has been practically discarded because of 
the relatively large number of recuriences Among Kretschmers 
patients, the condition recuiied in 40 per cent In his experience high 
voltage roentgen thei apy has not been of any value, whether used alone 
or in combination with fulguration Presacial neurectomy was without 
beneficial result In some instances the use of a 2 per cent solution of 
silver nitiate with fulguration was apparent!} of some value 

The treatment most fiequently employed is fulguiation through 
the cystoscope, this geneially is looked on as simple and safe Fre- 
quently it IS combined with dilation of the bladder by water 

In Kretschmer’s series of 138 cases 105 were available for studi, 
with the following results patients cuied, 20 37 per cent, great} 
improved, 3611 per cent, improved, 13 88 per cent and uiichaiige > 
29 63 per cent 


Exstiophy — Russell®® described a case of complicated exstrop i} 
of the bladder in which the condition diffeied from the usual conip 
cated ectopia vesicae in that (1) an anterior wall of the bladder "35 
present but no “roof,” (2) there was only one bowel, opening 
ileocecal region, (3) there were two vermiform appendixes, (4) 
was almost complete absence of the large intestine, (5) there vas 
evidence of external genitalia, (6) sacral meningocele occulta vas 
ent and (7) marked cystic swelling of the caudal end of the neiiren 
canal was present , .. 

The baby w'as a well formed full term infant whose weight at ^ 
w as pounds (2 948 Gm ) and ivho lived eleven days There ' 
no abnormalities of the head, neck, thorax or extremities 

Russell gave a detailed description, both gross and histologic, 
abnormal structures present and concluded that the case 
the Wood-Jones mechanical theory of the origin of exstrop u 


36 Russell, K F \ Case of Complicated Exstropln of the Bhdder P 
Man\ Unusual Features, Bnt J Urol 11 31-47 (ifarch) 1939 
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bladder This theory postulates that at some stage m embryonic devel- 
opment overdistention of the bladder occurred with subsequent burst- 
ing of the anterioi ^\all 

In Its support Wood-Jones contended (1) that unne is secreted 
by the fetus in utero and \\hen a child is born who has an imperforate 
urethra all stages of vesical distention can be seen, (2) that cases of 
ectopia vesicae have been recorded in which occlusion of the cleft 
urethra was present and (3) that overdistention of systems other than 
the urinary system is seen in the presence of hydi ocephalus and 
s} ringomyelocele He postulated that distention of the bladdei is to 
ectopia vesicae what h 3 'drocephalus is to anencephaha, or s)'nngomye- 
locele is to spina bihda 

The mechanical theory also uould account for the wide separation 
of the pubic bones and the lateral lotation of the ilium and ischium, 
which are characteristic of the condition 

Ihere are seveial constant observations in the presence of com- 
plicated exstrophy winch cannot be explained Iry a given theory and 
which aic difficult to understand, namely, the fact that all patients 
suffering fioin complicated exstrophy have two \ernnform appendixes, 
whereas those suftering from simple exstrophy possess onlj one, and 
th.it the ileocecal legion is the site of the openings of the bow'cl on the 
cloaca and two openings arc present, one foi the small bowel and one 
lot the laige bowel 

Posiopoaiivc Caic — Many chronic and serious lesions of the 
unnaiy tract ha\e their origin in the postoperatne care of the bladder, 
especially following gjnccologic operations The dangci lies not so 
inuch in catheterization as in unnaiy stagnation, because simple cathe- 
teiiziiion at times other than m the postoperatne period is relativel}' 
iniinlcss 

\ftei \ iqinal and peKic operations near the region of the bladder 
thcic IS praetic.ilh alwa%s residual urine When the patient has been 
cathctcnzcd and bactern introduced, it becomes important to prcicnt 
slT^is of rcndvnl urme on resumption of loiding Intermittent cathe- 
terization, to this end, until the residuum is negligible will reduce the 
iiuidencc of infections of the urmari tract 

llic ideal prcKcdure is one which will do awa\ with catheterization 
entirch, il possible Most reports on methods of promoting aoiding are 
euuccnud with inducing the bladder to einpte itecll alter po-^toperatn e 
lelenium Ins occurred 'Ihcsc methods include the Ubc of solution of 
posterior pituitau and of the parasnnpathetic stimulators, such as 
e nbammo\kholmc In drochloride and acetilbetainetlnlcholme Indro- 
cliloride and tlu miection oi an irritant such av a 2 per cent solution 
oi boroghcerm or se\cr'>l ounces oi air into the lull bladder The 
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administration of acetylbetamethylchohne hydrochloride by mouth in 
doses of 25 mg is at times beneficial and is not associated ivith serious 
constitutional effects However, hypodermic administration is danger 
ous and is accompanied by alarming constitutional effects, such as profuse 
sweating, salivation, fainting, involuntary micturition and defecation 
and marked decrease m blood pressure, and in 1 reported instance 
resulted m death 

Woodruff and Te Linde reported a method which is aimed at pre- 
vention of distention by inducing the patient to void early and thus to 
reduce the necessity for catheterization They instil 1 ounce (29 57 cc ) 
of a 0 5 pel cent aqueous solution of the disodium salt of 2 7-dibromo 
4-hydroxymercurifluorescem (mercurochrome) into the bladder at the 
conclusion of the operation and at the same time instil into the rectum 
1 htei of a 2 per cent solution of sodium bicarbonate containing 60 cc 
of liquid petrolatum Studies showed that although the latter procedure 
did not aid voluntary micturition, it provided a good intake of alkaline 
fluid during the earlv postoperative period and facilitated earl) 
defecation 

Among 500 patients who had undergone pelvic laparotoni), 6ie 
instillation of mercurochrome into the bladder reduced the incidence o 
catheterization to 6 5 per cent as compared with 51 per cent in a contro 
series of patients who did not receive such instillation The patients o 
whom the instillation was used voided earlier and in greatei amounts, 
thus more completely emptying the bladder, than the patients m ' 
control senes Postoperative infection of the urinary tract did 0° 
occur among any of the 500 patients who had undergone laparotom) 
except 3, each of whom had presented a definite history of infection 
of the urinary tract preoperatively 

This procedure is of no value with extensive plastic operations 
the vagina In such instances an indwelling male catheter sliou 
used for the first week, and then catheterization should be used un 
residual unne no longer exists 

Changes Dunng Ptcgnancy — Muellnei discussed the physiok,^ 
changes in the bladder occui ring during pregnancy and the puerp ^ 
He stated that during this period the bladder undergoes progres 


changes in tone and capacity 

Beginning with the third month of gestation there is a 
increase of resical capacity and decrease in vesical tone, 
extreme levels in the last trimester The tone improves be ore 


, Tare of 

37 Woodruff, J D, and Te Linde, R W The Postoperatne oaic 
Unnar> Bladder, JAMA 113 1451-1454 (Oct 14) 1939 

38 Muellner, S R Ph 3 siological Bladder Changes During Prosua 
the Puerpenum, J Urol 41 691-695 (Maj) 1939 
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termination of pregnancy The bladder empties without residual urine 
during pregnancy Post partum, the bladdei capacity is likely to be 
largest, and there is considerable deciease in tone as compared with 
that of the ninth month Residual urine is common, and its amount 
may be large duiing this period, and it should be diained by catheter 
if infected The bladdei leturns to noimal during six to eight weeks 

PROSTATE 

Hypei h ophy — Thompson®” piesented a case in which transurethial 
resection was perfonned m the piesence of marked lenal insufficiency 
The patient was a man aged 52 who had 650 cc of residual urine The 
results of a study of the chemical picture of the blood weie as follows 
urea, 488 mg per hundred cubic centimeters, and cieatmine, 15 2 mg 
On the twenty-thud day after his admission to the hospital, the uiea 
content of the patient’s blood was 124 mg per hundred cubic centimeteis, 
and transurethral resection was performed, 19 Gm of prostatic tissue 
being removed The patient was dismissed from the hospital on the 
fourteenth postopeiative day, or thirty-six days aftei his admission 
There was no residual urine at the time of dismissal 

Habein stated that certain factors have a distinct relation to the 
outcome of operation for obstruction of the vesical neck, especially 
because of the age of patients who have prostatic hyperplasia Some 
of these factors are (1) the general condition of the patient, (2) renal 
function and cardiovascular reserve, (3) appropriate preoperative and 
postoperative management and (4) the time, type and extent of 
operation 

The “surgical” diseases of the kidney frequently caused by uiinary 
obstruction and infection are entirely different in causation, pathologic 
aspects, treatment and prognosis, from the so-called medical diseases 
of the kidney, generally classified as “glomerular nephritis ” 

In the improvement and management of renal function, certain 
factors are emphasized, such as (1) drainage, (2) amount and types of 
fluids administered and (3) “extrarenal” factors m renal function 

Cmcinoma — Hiiiman and Smith stated that radical surgical treat- 
ment IS the only method which will cure carcinoma of the prostate A 
decade ago, radium was used vigorously m the treatment of 14 patients, 

39 Thompson, G J Transurethral Resection in the Presence of Marked Renal 
Insufficiencj Report of a Case, Proc Staff Meet, Mayo Clin 14 401-404 (Tune 
28) 1939 

40 Habein, H C Obstruction in the Neck of the Bladder Criteria of 
Opcrabihtj, J Urol 42 581-601 (Oct) 1939 

41 Hinman, F , and Smith, D Carcinoma of the Prostate California & West 
Med 51 235-241 (Oct ) 1939 
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and more recently, with the advent of high voltage roentgen lays, tlie 
lattei form of radiation was tried hopefully Aside from relief of pain 
for some patients and possibly a slight prolongation of life, the results 
were most discouraging 

Only 3 of the 24 patients reported on by Hinman and Smith 
who had transurethral lesection to relieve obstruction were alive at the 
time of writing , none have been alive longer than two years Three had 
been treated foi prostatism by suprapubic prostatectomy Twenty-one 
were dead at the time of writing, all of these had died within three 
3 fears aftei operation and most of them within one year, all died of 
carcinoma 

It IS difficult to estimate the value, if any, of conservative prostatec- 
tomy, such as the perineal enucleation of hyperplastic tissue which is 
causing obstruction, without making an attempt to remove any of the 
cancinoma associated with it The operation is purely palliative, it is an 
effort to lelieve urinary distiess and, in this sense, is comparable to 
transurethral resection Of 58 patients thus treated m the senes 
reported by Hinman and Smith, carcinoma had not been suspected 
before operation in 9, although the lesion was too far advanced to permit 
ladical removal Thirty-three patients were treated by the implantation 
of radon seeds, each from 1 to 3 millicuries in capacity, at intervals of 
1 cm throughout the carcinomatous legion at the time of operation 
One of these patients lived four years, 1 five years and 1 seven years, 
but all died of carcinomatosis More recently 5 others received intensne 
high voltage roentgen therapy, but none survived two years One otlier 
patient, who did not receive irradiation, survived six years but died o 
recurrence With these 4 exceptions, no patient lived longer than t "0 
} ears, and 29 died within a year 

In treating 20 patients listed as having had partial radical prostatec 
tomy, it ^\as found impossible, on attempting radical operation, to 
remove all the carcinoma because it had extended beyond the vesi 
either too far up the vas or into the bladder Nine died of carcinom. 
within t\\o years One lived five years, 6 had lived less than two }ear= 
at the time of -writing None was cured, but generally the patients 
been more comfortable than the run of patients in either of t ic 
groups previously mentioned . > 

For 21 of the 156 patients reported on by Hinman and Smith ra 
prostatectomy was possible It was felt that all local portions 
cinoma had been removed at operation Before operation none 
an\ clinical evidence of metastases The seminal vesicles of P‘ 
were iniaded, howeier Three patients died shortly 
1 of pulmonary' embolism, 1 of paralytic ileus and 1 of 
died afterward, haiing carcinoma at the time of death 


pnetimonja 

Se\en died 
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no evidence of carcinoma, 3 of senility, 1 eight years and 2 seven years 
aftenvard Five were living at the time of wilting with no clinical 
evidence of carcinoma 1 for seven years, 1 for two years and 3 less 
than one year All had good control and no urinary complaint On a 
conservative basis, the aforementioned figures indicate the cure of half of 
those treated radically 

Patients who clinically display evidence of having carcinoma so fai 
advanced as to be incurable but who have no enlargement or urinary 
obstruction associated there^^lth majf be left untreated, or else irradia- 
tion may be used when the}' suffer pain from pressure or extension 

Patients who have median bars and incurable carcinoma may be 
relieved temporarily by resection, but if seveie infection or calcification 
IS present radical prostatosemmal vesiculectomy will give the greatest, 
most enduring relief, and life may be prolonged by embedding radium 
in the local regions of carcinoma which are left 

Patients who have hyperplasia and incurable carcinoma may be 
treated by conserrative prostatectomy supplemented by the full use of 
irradiation 

Belt reported that after careful physical examination of 25 patients 
he decided that the growth could be completely circumscribed by the 
radical perineal operation For 18 of these, a close inspection of the 
specimen revealed the presence of carcinoma and showed the growth 
to be confined within the specimen Ten of these 18 patients were living 
and well at the time of writing, after periods varying from three months 
to nine years In 7 of the group of 25 patients, the carcinoma had 
extended to the cut edge of the part removed and, therefore, probably 
beyond it The patients received massive high voltage roentgen therapy 
Five were living and well at the time of writing, after periods varying 
from one to three years One died of metastases after five years and 
one of the same cause after four years 

Eighty-eight of Belt’s patients suffering from prostatic carcinoma 
were afforded relief from the obstruction of the vesical neck through 
electrosurgical resection Forty-eight had metastases when they were 
first encountered Forty had no demonstrable metastases and received 
vigorous high voltage roentgen therapy m the hope that growth would 
be arrested Of the groups submitted to resection, those having had 
resection and high voltage roentgen therapy and those untreated except 
b} resection to relieve obstruction were about equal m respect to length 
of life from the date of the onset of symptoms, but the patients who 
received roentgen therapy were m less pain and looked healthier than 
the others at the time of wilting 

42 Belt, E , m discussion on Hinman and Smith 
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Bumpus stated that carcinoma of the prostate gland cannot be 
accurately compared with other forms of malignant growth because of 
its late occurrence That patients who have a malignant growth of the 
prostate have the shortest expectancy of life of any patients suffering 
from malignant disease is certain to influence therapy It is one thing 
to tell a person m the early forties, who has an expectancy of life of 
several decades, that ladical surgical treatment has the possibility of 
curing him although it is accompanied with great risk, but it is another 
matter to inform the patriarch of 75, who has an expectancy of less 
than a decade, that he should risk a major radical procedure involving 
a high risk of mortality foi the remote possibility of a cure 

Such advice is still further weakened by the fact that carcinoma 
of the prostate gland, unlike other malignant diseases, not only occurs 
late m life but is one of the slowest growing of all types of malignant 
disease Numerous instances are on record of patients suffering from 
carcinoma of the pi estate gland, proved by biopsy, who have lived for 
more than five years with no other form of treatment than relief of 
urinary obstruction, and several instances are recorded of patients who 
have survived for more than a decade It is the slow growth of car 
cmoma of the prostate gland which has led to such confusion concerning 
Its treatment 

In most malignant diseases, the number oi three year controls is 
given as a criterion of the success or failure of treatment Carcinoma 
of the prostate gland, when untreated, has an average duration of more 
than three years Bumpus once traced 171 patients from the time of tie 
occurrence of their first symptoms to death, and found that the average 


duration of life for them was three and one-quarter years 

Robinson, Gutman and Gutman '*'* recorded the serum phosphatase 
activity 3.1 pH A 9 and at 8 6 of 19 patients who had prostatic car 
cmoma with skeletal metastases The “acid” phosphatase activity of t le 
serum was found to exceed 3 0 units per hundred cubic centimeters 
16 of the 19 patients Thirteen patients who had prostatic carcinom^ 
ivithout roentgenographically demonstrable metastases to bone an ^ 
who had benign prostatic hypertrophy were found to have serum 
phosphatase values within normal limits Of the control senes of mo 
than 250 patients, those who had advanced Paget’s disease an 
serum “alkaline” phosphatase values show^ed some increase m - 
phosphatase activit) at pn 4 9, but all patients who had ear' ^ ^ 
moderatel} adianced Paget’s disease had normal serum acid P 


phatase values 


43 Bumpus, H C, Jr, in discussion on Hinman and Smith'*' 

44 Robinson, J N , Gutman, E B , and Gutman, A B Clinical 

of Increased Serum “Acid” Phosphatase in Patients with Bone Afetas v 
ondarv to Prostatic Carcinoma I Urol 42 602-618 (Oct ) 1939 
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From then experience and fiom the reports in the hteiature 
(44 cases in all), Robinson, Gutman and Gutman felt justified in con- 
cluding that increased seium “acid” phosphatase activity is consistent 
and specific enough m occuiience to be helpful m the diffeiential diag- 
nosis of prostatic carcinoma i\ith skeletal metastases The determina- 
tion of serum “acid” phosphatase actuity appears to be a useful 
supplement to the clinical and roentgenogi aphic study of patients who 
haie prostatic carcinoma, paiticularl) if suigical procedures are con- 
templated As regards prognosis, the presence of increased serum 
“acid” phosphatase actuity m patients who have prostatic carcinoma 
implies dissemination of the primarj tumor and m this sense has an 
unfavorable significance, an upward tiend in serum “acid” phosphatase 
values ma} signif) furtliei metastatic involvement 


URETHRA 


Caicmoma — Wishard and Bodner reported a case of squamous 
cell carcinoma of the anterior portion of the urethra cured by amputation 
of the penis and postoperative irradiation Appioximately 125 cases of 
primar}’’ carcinoma of the male urethra are on record The deep poi tion 
of the urethra is a little more often the seat of the lesion than is the 
anterior portion 

Causative factors include old age, predisposition, chronic irritation, 
infection, inflammation, stricture, trauma and benign papillomas 

Symptoms are produced by narrowing of the urethral lumen, forma- 
tion of tumor and secondary infection with development of abscesses 
and fistulas 

The histologic structure of urethral carcinoma usually is that of 
squamous cell carcinoma Other types are discussed Metastases occur 
through the lymphatic system to the regional lymph nodes 

The prognosis is usually poor but w'ould be better if patients could 
be treated earlier 

Treatment consists of early diagnosis, surgical intervention and high 
voltage irradiation More frequent urethroscopic examination and 
biopsy for patients supposed to have irretractable strictures and peri- 
urethral abscesses which fail to improve would render the outlook more 
hopeful than it is now and would increase the number of cases reported 
as well as detect instances of the disease earlier 

The female urethra and vesical trigon frequently are the seat of 
inflammatory lesions which give rise to the symptom complex of 


45 Wishard, W N, Jr, and Bodner, H Primary Carcinoma of the Male 
Urethra, J Urol 42 35-46 (July) 1939 


of 


46 MacKenzie, D W and Seng, M I Common Conditions of the Neck 
the Female Bladder and Urethra, Canad M A J 40 428-432 (Afay) 1939 
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increased frequency of unnation, urgency, tenesmus, dysuna, urethral 
para and hematuria, as well as the so-called bladder trouble, one of the 
most common disordeis of A\omen 

Inflammatory lesions give rise to changes in tissue recognized as 
(1) trigonitis, (2) trigomtis cystica, (3) trigomtis pseudomem- 
branosa, (4) chronic inflammatory nonspecific urethritis, (5) urethritis 
cystica, (6) stiicture of the urethra, (7) caruncle of the urethra, (8) 
relaxation of the urethral sphincter, causing incontinence and (9) uri- 
nary fistula 

In order to correlate the clinical with the pathologic picture, the 
histopathologic aspects of the vesical outlet and the urethra in the female 
were studied m 50 specimens obtained at necropsy 

In the child two types of vesical neck and urethra were found The 
most frequent observation was smooth mucosa without any invagination 
or perimucosal structures The second normal type was a urethra 
which had mucosal invaginations situated just distal to the resical 
orifice These invaginations are exaggerated by relaxation of the sur- 
rounding structures In the anterior third of the urethra, periurethral 
tubular structures distract from Skene’s glands are seen The} are 
absent in the inner third Glandular cells, distinct from norma 
transitional cells, surrounding a small lumen and manifesting a definhe 
secretory appearance, are found rvithin the epithelial lining of the vesica 
neck of the urethra, of the urethral crypts and invaginations and o 
Skene’s ducts 

In the adult patient the most striking observation was the almos^ 
universal presence of submucosal infections indicated by infiltration o 
round cells and other evidences of inflammation There was proli e 
tion of surface epithelium with cell nests and cell bud, cysts and fibrosis 
The changes are the result of repeated trauma caused by sexn^ 
cohabitation and childbearing and infection caused by those organisms 
u Inch are continuous!} present about the external genitalia of the a 
Clinical CA'idences of these changes are intermittent attacks o 
increased frequency of urination associated in the more severe p - 
of the condition with terminal tenesmus, a sensation of incomp 
emptring of the bladder and, at times, hematuria Vague m c 
pains arise in the urethra, or general pelvic discomfort referred to 
back or into the thighs is present s 

On urethral calibration w ith a sound or bougie a boule, m 
or at times e\en true strictures or a general contraction are 
Bleeding ma} occur after gentle and careful ^^strumentation^^^^^^ 
C} stourethroscopic examination, granulation of the urethra an ^ 
pedunculated crsts or sessile pohps and at times the criar 
changes of pseudomembranous trigomtis are seen 
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In the acute phase of these infections the tieatment consists in 
(1) forced administiation of fluids, (2) heat in the foim of vaginal 
douches and sitz baths, (3) sedative lectal suppositoiies, (4) mild silvei 
salts instilled into the bladdei and (5) alkalis or uiinaiy antiseptics gnen 
by mouth as indicated 

In the chronic phase, if a gianulai change piedominates, stimulating 
applications, such as silvei nitiate, aie indicated If the lesions aie 
c)stic, they should be destro3'ed by cauteiization or electi ocoagulation , 
if they aie fibiotic dilations aie indicated 

For all lesions the basis of treatment is dilations of high degiee 

TESTES 

Hype) t} opJiy — Zide stated that a comparison of the size of a 
series of normal adult testes with the laiger or remaining testis in 
a group of cases of unilateral atroph}^ or orchidectomy levealed essen- 
tially no difference in areiage measurements The largest testis of the 
normal group approximately equaled in length and width the laigest 
testis present in the abnormal group There is no evidence on the basis 
of this study that the adult human testis undergoes any appreciable 
compensatory h}pertrophy after atrophy oi removal of its mate 

Twnoi — Higgins and Buchert stated that malignant tumors of the 
testicle may be divided into the homologous and the heterologous type 
The former is comprised mainly of the sarcomas and seminomas, the 
latter consisting of mixed tumors of adult and embryonal tissue 

There was a history of previous trauma m 19 4 per cent of the cases 
reported by Higgins and Buchert 

Bilateral testicular tumois are rare Neoplastic disease seems to 
involve the right testicle more often than the left There are no 
pathognomonic signs, painless swelling of the testis being the fiist 
symptom in the vast majority of cases 

The test for gonadotropic substance is valuable m diagnosis, prog- 
nosis and treatment 

Metastasis takes place by way of two routes, namely, lymphatic 
extension and dissemination through the blood stream The majority 
of lesions metastasize first to the retroperitoneal lymph nodes The 
lungs and supraclavicular glands also are frequent sites of metastases 

Simple castration, castration followed by roentgen or radium thei- 
apy, radical operation, Coley’s toxin and roentgen or ladmm therap)' 
alone, are the usual types of treatment 

47 Zide, H A Does Compensatory Hypertrophy of the Adult Human Testis 
Occur? J Urol 42 65-67 (July) 1939 

48 Higgins, C C , and Buchert, W I Malignant Tumors of the Testicle A 
kc'iew of Eight> -Three Cases, Am J Surg 43 675-687 (March) 1939 
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Results of treatment are discoui aging The best results are obtained 
m cases m which there is no clinical evidence of metastasis In tlie 
series reported by Higgins and Buchert, a combination of castration 
and roentgen therapy seemed to give the longest survival rate 

VAS DEFERENS 

Suigical Tieatment — Freiberg and Lepsk^'^® reported a case of 
restoration of the continuity of the vas deferens 

A man, aged 33, eight years after having had vasectomy desired 
attempted restoi ation of the channel of the vas With the patient under 
gas anesthesia, an incision was made m the uppei half of the right side 
of the scrotum The vas was isolated, and a side to side anastomosis of 
Its upper and lower portions was made A strand of silkworm catgut 
was passed through the anastomosis to keep it open until healing took 
place A roentgenogram, made immediately after the operation, dis- 
closed that both the uppei and the lower portion of the vas were patent 
and also showed the presence of the contrast medium in the right seminal 
vesicle Numerous specimens of semen obtained latei showed a normal 
number of spermatozoa 

Perves and Duvergey stated that, although normally the orifices 
of the ejaculatory ducts are physiologically closed and impermeable to 
injections or to a reflux from the urethra, m the presence of some acute 
infections they open wide and make such a reflux possible, from the 
urethra into the seminal vesicles and rmsa deferentia This gaping or 
opening is characteristic of all glandular oiifices when infected, ficst 
they become paralyzed, then destructive lesions occur, which seem to 
favor a more nearly perfect drainage of the gland There is thus a 
parallelism betiveen disturbances concerning vesicorenal refluv an 
urethrovesiculodeferential reflux 

Perves and Duvergey demonstrated this reflux by means of retro 
grade urography (radiopaque oil) in 4 patients ivho came under tie 
notice It has also been demonstrable during micturition They sp^^ ^ 
of “passive” reflux in the former case and of “active” in the latter 
of their cases the radiopaque oil entered the ejaculatory ducts but not 
bladder, possibly because of obstruction at the neck of the bladder 
the other 2 some of the radiopaque oil entered the bladder and some 
ejaculatory ducts 

49 Freiberg, H B , and Lepsk\ , H O Restoration of the 

Vas Deferens Eight Years After Bilateral Vasectomj, J Urol 41 934- 
1939 

50 Pen es, J , and Dm ergej , H Du refluv uretro-\ csiculo-deferentiel, 

48 97-113 (Aug) 1939 
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Sixteen cases of passive lefliix have been lepoited in the hteiature 
in addition to the 4 herein placed on lecoid In 3 the vesicles alone 
recened the leflux in 7 the ^asa defeientia alone leceived it, and in 4 
the entire \esiculodefeiential S 5 'Stem leceived it Nine patients were 
observed in the course of genital tuberculosis, 6 following pi ostatectomy 
and 5 during the piesence of urethiitis and common prostatitis 
Although primary tubeiculosis of the genital tract does not show any 
pathognomonic image in ui ethrogi aphic examination, Chevassu stated 
the belief that in the absence of other information the uiologist should 
regard the reflux as of tuberculous oiigin 

Perves and Duverge)' explained the leflux as follows In acute or 
subacute infections, the muscles lying beneatli the inflamed mucosa have 
been subject to temporaiy atony, which becomes definite if the infection 
persists The orifices, nhich are muscular structures, are affected by 
this process It is then possible to conceive of the existence of tiansicnt 
refluxes of a dymime nature or dcfiiutivc lefluxes if the infection is old 
Two factors are necessary for the pioduction of reflux (1) con- 
tractions of the bladder which drive the fluid into the prostatic poition 
of the urethra and (2) a slight obstacle situated below the verumon- 
tanuin, contraction or spasm of the inembianous sphmctei Then the 
opaque fluid, subjected to two pressures m opposite directions, forces 
the orifices of the more or less atonic ducts Italian urologists, in older 
to obtain this reflux, fill the bladder with opaque substance and then 
make the patient urinate while they compiess tlie urethra For this 
active reflux to be present, no gross lesions at the verumontanuin are 
necessary, paralysis of the urethral muscle or slight sclerosis of the 
verumontanum is enough There is no proof that antiperistaltic con- 
tractions cause these refluxes, to date there has been no experimental 
control of this possibility The frequency with which obstacles (stric- 
tures) of the urethra figure in the cases is striking 

Clinically, reflux is most frequently discovered during urethrographic 
examination But the existence of mflammatoiy attacks of orchiepididy- 
mitis may lead the urologist to look for it There is no doubt that rectal 
examination in instances of reflux discloses more or less disease of the 
prostate gland or seminal vesicles Urethroscopic examination, on the 
other hand, furnishes more exact information than does rectal examina- 
tion Some authors note iriegularity and abnormal rigidity of the 
prostatic portion of the urethra, making it difficult to insert instruments 
Changes m the verumontanum are constant, as is inflammation either of 
the verumontanum, the ducts or the prostate gland The orifices of the 
ducts are often open , sometimes the examiner can see veritable caverns 
that have destroyed some or all of the region of the verumontanum 
This reflux is not m itself grave , it is a symptom, and its prognosis 
IS in strict relation to its cause In the presence of genitourinary tuber- 
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culosis, it indicates rathei advanced destruction , in the presence ot other 
infections, it may dinimish or disappear during the course of tieatment 
After piostatectomy, it causes pain only occasionally 

The present study shows that if fluid can pass into the va'^a 
defeientia by reflux, so also may infection pass along this route, into 
the testis and epididymis, an observation that has been confirmed by the 
lesults of vasotomy systematically done by Marion’s advice before 
prostatectomy Suppiession of attacks of epididymitis, formerly so fre- 
quent, by simple ligature and section of the vasa deferentia, proves 
the propagation of urethral pathologic agents by way of the ejaculatory 
ducts As a general rule, therefore, in the presence of attacks of orchi- 
epididymitis, the urologist should first treat the unnaiy infection, making 
a urethroscopic examination of the region of the veiumontanum and 
a rectal examination to determine the condition of the prostate gland and 
the seminal vesicles 


URINARY INFECTION 

Seci etan discussed the sterilizing effects of increased oxidation 

He stated that the city of Pans uses oxidation to sterilize its water 
supply, and recent expeiiments have shown that it is bactericidal, espe- 
cially for Bacillus coli Secretan tried endovesical ozone therapy m 
instances He used a two way catheter, so that the pressure m f'’® 
bladder never increased to the point at which an embolism might occur 
The immediate results weie good, but a few days later as many colon 
bacilli were found in the urine as had been present befoie treatment 
Secretan concluded that ozone therapy, which is disagreeable to ’ 
patient and difficult for the physician to administer, produces no more 
satisfactoiy results than the ordinary methods of treatment 


URINARY CALCULI 

Kretschmer and Blown®- studied the records of 950 cases of 
ulcer and of 1,260 cases of urinary calculi to determine 1 ^^^ 

administration of large amounts of alkalis m the treatment of 
tends to cause urinary stones Of 680 patients suffering from u 
who had received intensive treatment for an av erage of four mon j 
was found that 21 (3 1 per cent) gave a history of urinary 
before they started to receive treatment for ulcer By contrast, s 
developed sometime after the treatment was instituted m onh 33 pa m 
(49 per cent) In many instances stone did not form until ten 
tuenty rears after the treatment had been discontinued 

51 Secretan, it Essais d’ozonotherapie endo-\ esicale dans Ics colitac 
unnaires, Schweiz med Wchnschr G9 193-196 (March 4) 1939 

52 Kretschmer, H L and Brown R C Do Alkalis 

of Peptic Ulcer Cause Kidner Stones'* JAMA 113 147TI475 ( c 
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This variation, of 1 S pei cent, is “not a grave indictment of the use 
of alkalis,” especially since the figure niaj' be modified by the fact that 
some of the patients may have had silent lenal calculi at the time tieat- 
ment was begun, and by the consideiation that m a cioss section of 
680 persons approaching middle or latei life a normal incidence of renal 
calculus is certain to exist 

Likewise, it W'as found that only 1 2 per cent of 1,260 patients suffer- 
ing from urinary calculi had had pievious tieatment for ulcei with 
alkalis These figures do not support the theoiy that alkalis used m the 
treatment of peptic ulcer tend to cause renal and uieteral stones 

UROLOGIC IIYPCRTRNSION 

Maher and Wosika repotted caidiovascular and urologic studies on 
101 patients who presented both hypei tension and urologic defects, 
together wuth a discussion of their potential relation The 101 patients 
comprising this study w'cie all of the Caucasian lace, 59 wcie males 
and 42 w^ere females 

Twenty-eight patients of this group w'ere dead at the time of writing , 
necropsy had been done on 11 of these Thirty-seven patients wcie 
still under observation, and with the remaining 36 contact had been lost 

In the group with diseases of the prostate, secondary diagnoses 
included cystitis, urethral stricture, prostatic stones, hypernephroma, 
hj^'dronephrosis, perinephritis, pyclonephi itis and other results of infec- 
tion Patients of the pyelonephritic group also had many secondarj' 
complications, and often it w'as difficult to identify the majoi lesion as 
such, making this a heterogeneous group Complications therein 
embraced urethral and ureteral strictures, C3fstitis, hydionephrosis 
cystocele, fibroids, nephroptosis, hypernephroma and atiophy of one 
kidney 

Maher and Wosika stated that there can be no doubt that complete 
obstruction of the lower portion of the urinary tract, for example by an 
enlarged prostate gland, produces a decrease in urinary function and is 
accompanied by hypertension In the present series piostatic disease 
accounted for 53 per cent of the male patients who weie affected by 
hypertension In cases of complete obstruction there is ample evidence 
that decompression by catheterization allows an impiovement in renal 
function and a decrease in blood pressure Most of the patients pre- 
■^ented had an obstruction low in the urinary tract In a consideration 
of the next largest group, of 27 patients, in this series, suffering fiom 
chronic pyelonephritis and complications, obvious obstruction was not 

53 lilalier, C C, and Wosika P H Urologic H\pcrtension A Studj of 
One Ilimdrcd and One Ca=es J Urol 41 893-899 (June) 1939 
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always readily demonstiable The dominant factor concerning these 
patients was that of recurrent infection of the urinary tract with the 
minor element of obstruction 

Barney and Suby i eported a case involving unilateral renal disease 
with arterial hypertension afflicting a 10 year old girl The patient vas 
thought to have had salpingitis several years previously Cystoscopic 
examination demonstiated a normal bladdei Catheters passed without 
difficulty to both kidneys, no urine was obtained from the right Lidnei, 
which was found infected and atrophic The blood pressure varied from 
185 systolic and 130 diastolic to 200 systolic and 170 diastolic, expressed 
in millimeters of meicury At operation the small kidney was found 
and removed During the twenty-one months elapsing between opera- 
tion and the time of writing, the blood piessure had been only a little 
more than 100 


CHYLURIA 

Ray and Rao studied chyluna involving 254 of 12,386 patients 
who had filarial infestation The incidence of chyluna in the presence 
of filariasis was 2 05 per cent, with a ratio of males to females of 9 to 1 
For 42 patients careful investigation and study, including, m some 
cases, cystoscopic examination and excretory urography, were done 

The pathologic changes are largely the result of obstruction of the 
lymphatic system from inflammatory reaction caused by the presence 
of adult parasites, the continuous passage of microfilariae and tie 
circulation of their toxins The obstiuction in the thoracic duct or 
cisterna chyli may be caused by the adult parasite, but more freque 
it IS the result of inflammatory change secondar)^ to the presence 
the parasites 

After the obstruction occuis, there is an attempt to form an 
collateral circulation which results in enormous dilatation of the reg 
lymphatic trunks This may appear many years after the death o 
adult parasites These dilated trunks may rupture into the 
tract, the alimentary tract or the pleural, peritoneal, pericardia a 
vaginal sacs When the rupture is into the unnary tract, the c b 
IS of renal origin m about 25 per cent of the cases and of vesica 
in about 70 per cent In the remaining cases chyluna is of mixed on 

Cystoscopic examination during the flow of chyle shows the 
teristic point of leakage from the lymphatic varicosities imme i- 

54 Barne\, J D, and Sub\, H I Unilateral Renal Disease ^ 

H 3 'pertension Report of a Case Apparently Cured Following Neplircct® 
England J kled 220 744-746 (Maj 4) 1939 ji 

55 Ra>, P N, and Rao, S S Chjluria of Filarial Origin, Brit J ^ 

48-64 (Afarch) 1939 
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behind the mteiuieteiic ridge oi, if the chyluna is of renal oiigin, the 
cloudy efflux or the emeigent clot at one ureteric orifice 

With the aid of excietory uiography, usually but not in every case, 
communications between the lenal calices and the dilated perirenal 
lymphatic vessels aie clearly displayed by the piesence of delicate fibrils 
radiating from the kidneys In some cases, instead of showing radiating 
fibrils, the renal outline merges with that of the dilated saccular 
Ijmphatic vessels In nearly half the cases of renal chyluna some 
obstruction to, oi displacement of, the ureteis is demonstrated It is 
caused either by adhesions or by the piessuie of enlarged lymphatic 
nodes or sacculated lymph channels The scope of retrograde pyelog- 
raphy is limited, but use of it is indicated in instances of stenosis and 
deviation of the uietei 

The mode of onset of the condition is spontaneous, but in neaily 
half the cases there is a histor}' of mjur}' of some sort In the female 
patient, m the majority of instances, the condition appears to date fioin 
parturition It is extremely rare m children Strangury and renal colic 
result from the retention of clots The flow is rarely piolonged beyond 
two or three weeks and generally subsides m about a week The period 
of remission may be as short as three or four weeks but is geneially 
much longer The patient presents other gross signs of filarial lesions 
Inguinal lymphatic varix is commonly piesent in the male patient 

With regard to treatment, no prophjlaxis is of any avail, but the 
simple treatment of complete rest in bed, elimination of fat in the diet 
use of aperients and elevation of the foot of tlie bed maj^ abort an attack 
if promptly earned out For the medical treatment of chyluna, intra- 
venous injections of trypaisamide, 2 to 3 Gm in 10 cc of distilled 
water, are found to be effective Cystoscopy and fulguration usually are 
successful when the leakage is slight If clots are present, irrigation 
of the bladder with a 1 2,000 solution of silvei nitrate prioi to these 
measures will be found useful In severe instances it may be necessary 
to institute continuous drainage of the bladder for twenty-four hours by 
means of an indwelling catheter Patients who have the intractable 
form of the disease show some displacement of the ureters, and, 
unfortunately, the condition is bilateral In instances of neglect or 
secondary infection, because of the presence of massive or decomposing 
clots, suprapubic cystotom)’- may have to be performed Unilateral 
nephrectomy fortunately is seldom requiied Successful lymphatico- 
venous anastomosis would provide a satisfactory short circuit for the 
obstruction to the cisterna chyh oi the thoiacic duct, but attempts to 
perform it have failed 
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HERMAPHRODISM 

Smith, Mack and Muiray”® lepoited a case of tiue hei maphi odisni, 
the twenty-thud reported case of proved tiue hei maphrodisin and the 
scArenth of bilateial ovotestis 

At opeiation it was found that the left gonad consisted of a thm film 
of testis completely enclosing a coie of ovanan tissue 

It would be supposed that if the combined ovotestis weie bi ought 
from the inguinal canal down into the labioscrotum the testis would 
find the new situation more suitable than would the ovary and vould 
function moie pi ominenthf In this case, howe\ei, the opposite occurred 
The ovarian portion of the ovotestis began to function actively and 
actuall}^ tended to desti o}’’ the testis by its own expansion 

Theiapy with testiculai and thymus extracts was instituted in the 
lepoited case in an attempt to desti o)' the function of the ovary and 
stimulate that of the testis Although ceitain changes were noted during 
the fiist weeks of theiapy, the menstrual c}cle was not ai rested, and 
surgical extirpation of the ovarian tissue was found to be necessai") 
Eight months after all gonadal tissue was thought to have been 
removed, the patient continued to have strong sexual desires for women 
and fiequent penile elections Whether this was caused by some 
lemammg testicular tissue or by psychic stimulation alone will not 
knovm until after fuithei obsenfation 

In view of the frequency of occuiience of ps}choses and neuroses 
attributed to sexual repression and maladjustment in structuially norma 
persons, it seems nothing shoit of miraculous that this patient, siibjec 
constantly since eaily childhood to unusually severe psjchic and eino^ 
tional tiauma, should be eminently sane and stable On examining 
hteratuie, hovevei, it is seen that such an apparently remarkable o se 
Aation IS the rule rather than the exception m similai cases 

Of the 20 cases reAuewed by Young it was noted that the hbi ^o^o 
emotions of the patient corresponded to the manner in which the me 
vidual had been reared in all cases but one, in Avhich no note vas n < 

In the case reported by Smith, Mack and Murray, on the other ban 
emotions, or libido, v ere those of a male, although the patient lac 
reared and had Ined the major poition of life as a female 

UROGRAPHY 

Wilhelm discussed the technic of vasoseminal a esiculograplu^^^^ 
\\ aA of scrotal a asotom\ This method, in contrast to cathe cri 

56 Smitli P G Mack, J R , and ^r^Irra^ M A Ca^c ot True JRrmiP 
rodism, J Urol 41 7S0-S00 (Maj) 1939 

57 Wilhelm, S P Vaso-Seminal Vesiculograpln Clinical and E'^P 
Application, T Urol 41 751-757 (Maj) 1939 
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of the ejaculato:} duct, is easily peifoimed Satisfactoiy seminal 
vesiculogi ains \\eie made m 121 cases without uiitowaid effects 

The empt}ing of the semimfeious tiact following tiansuiethral 
piostatic lesection has been studied in 25 cases In 3 of these, seiial 
seminal vesiculogi ams levealed complete letention caused by obstruction 
of the ejaculatory duct 

In cases of obstructive steiihty, vasoseminal vesiculogi aphic exam- 
ination affords gi aphic evidence as to the patency of the seminiferous 
pathwaA s and also may i eveal unsuspected lesions m the seminal vesicles 
Its routine use before any anastomotic opeiation is decided on is 
recommended 

The empt}ing of the seminiferous tiact has been studied by means 
of serial vasoseminal vesiculogi ams It has been found that the seminal 
vesicles and vasa defeientia normall)' empty themselves by a slow, moie 
or less constant flow, in addition to, and independent of, ejaculation 



News and Comment 


Symposiums to Appear in Later Issues — During the j'ear symposiums 
will be published on the following subjects 

“Preoperative and Postoperative Care of Patients,” composed of articles b\ 
Dr Cobb Pilcher, on neurosurgery, Dr Waltman Walters, on the stomach, 
Dr John Alexander, on the chest. Dr I S Ravdin, on the biharj' tract. Dr John 
R Paine, on the small and large intestinal tracts. Dr Barrett Brown, on plastic 
surgery , Dr Leland S McKittnck, on diabetes , Dr Charles B Huggins on 
the genitourinary tract, and Dr Claude S Beck, on the heart and pericardium 
“Treatment of Compound Fractures,” which will include papers by Drs 
Wmnett Orr, Otto J Hermann, William O’Neill Sherman and Wilham Darraci 
“Diseases of the Esophagus Requiring Operation ” 

It IS also proposed to publish in June or July a special issue m honor o 
Dr Dean Lewis’ sixty-fifth birthday 

Southeastern Surgical Congress — The eleventh annual meeting of the 
Southeastern Surgical Congress will be held at the Tutwiler Hotel, Birmmg am, 
^la , March 11 to 13, 1940 „ 

Dr R L Sanders, Memphis, Tenn , is president of the congress, an ^ 
B T Beasley, 701 Hurt Building, Atlanta, Ga , is secretary-treasurer 

American Association for Study of Goiter — The next annual meeting o 
the American Association for the Study of Goiter will be held in Rochester, i mn , 
April IS to 17, 1940 The program will consist of papers dealing w'lti 
and other diseases of the thyroid gland, “dry” clinics conducted by guests o 
Association, and operative clinics conducted by the staff of the Majo 
The Van Meter prize award of $300 and two honorable mentions "ill 
for the best essays submitted concerning original work on problems r 
the thjroid gland 

Further information regarding the meeting and the awards may be 
from the corresponding secretarj , Dr W Blair Mosser, 133 Biddle Street, ane, 
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TUMORS OF THE LATER \L THYROID 
COMPONENT 

L CLARENCE COHN, MD 

AND 

GEORGE A STEWART, MD 

BALTIMORE 

According to Schiagcr, the fiist lefeiences to abeirant thyioids weie 
by A'on Haller in 1779, Albers in 1839 and Giuber in 1845, the fiist 
accurate description was b}^ Poita in 1849, and the fiist extnpation was 
by Stanley in 1850 

Hinterstoisser in 1888 described 3 cases of lateral aberrant thyioid 
tissue, and von Eiselberg in 1901 collected 11 cases In 1906 Schiagei 
collected 15 cases from the literatuie of the preceding fifty yeais and 
added 2 of his own, and in 1908 McGlannan leported 3 cases Wohl 
in 1917 added 4 cases In 1923 Paicelier, Venot and Bonnin collected 
23 cases from the literature and added 2 of their own These authors 
noted that the disease becomes manifest most frequently betw'een the 
ages of 20 and 40 

Billings and Paul m 1925 made a resume of 34 previously reported 
cases and added 1 of their owm, bringing the total to 35 They noted 
that 70 per cent of the tumors w^ere papillary Leech, Smith and Chute 
in 1928 reported 4 “lateral aberrant thyroid tumors” in nearly 4,000 
cases of disease of the thyroid, showing that the incidence in then senes 
was 0 1 per cent They noted the similarity between papillary adenoma 
of the thyroid and papillary adenoma of aberiant thyroid tissue Cattell 
in 1931 reported 13 cases and confirmed the obseivation of Parceher and 
his associates that the disease begins at an early age The ratio of 
females to males was 10 to 3, corresponding with the ratio among the 
other cases of disease of the thyioid He suggested the possibility of a 
Single origin for papillary tumors of the thyroid and papillary tumors 
of lateral aberrant thyroid tissue In 1931 Dunhill reported 4 cases 

Moritz and Bayless in 1932 collected 122 cases from the literature 
and added 6 of their own They showed that the greatest incidence 
IS in the third decade, that the latio of males to females is 1 to 3 and 

From the Surgical Pathological Laboraton' of the Johns Hopkins Unnersih 
School of Medicine 
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that 15 per cent of the tumors are bilateral In 1939 Cnle reported 
13 cases (in 5 of which there were papillary tumors of the thyroid), 
and concluded that “papillary tumors arising in thyroid tissue and in 
lateral aberrant thyroid tissue are remarkably benign” and that “when 
a papillary tumor is present m the thyroid and multiple nodules of the 
same histological structure are present m the lateral cervical region, 
these nodules should not be interpreted as incurable metastases from a 
carcinoma, but should be considered as multiple benign tumors and 
should be removed ” 

Among other recent authois who have reported cases are Guazon, 
Lewisohn, Lawton, Lazarus and Rosenthal, Eberts, Probstein and 
Agress, Hentz, d’Abreu, Greteman and Russum and Schmeisser A 
total of 156 cases have been reported 

Theories of the histogenesis of tumors of thyroid tissue beyond the 
capsule of the thyroid gland and of certain tumors within the thyroid 
gland are expounded largely from conclusions reached in the researches 
of embryologists on the morphogenesis of the normal human thyroid 
gland, from deductions reached in the study of patients with myxedema 
following excision of aberrant thyroid tissue and from autopsy materia 
presenting congenitally defective thyroid tissue, as in the case of the 
myxedematous idiot reported by MacCallum and Fabyan m 1907 an 
cited by Weller in 1933 

EMBRYOLOGY 

In 1885, His traced the development of the thyroid gland from the 
mesobranchial field, the median lobe from the middle portion o 
the epithelium of the floor of the pharynx and the lateral lobes froin t e 
sides of this floor Born concluded that the middle lobe develops rom 
the epithelium of the floor of the pharynx and the lateral lobes from t le 
fourth gill cleft Tourneux and Verdun in 1897, from a 
human embryos and 5 fetuses, advanced the theory that the t yr 
gland arises from the pharyngeal complex by one medial and two a 
bodies According to these authors, the median primordium first 
at the 3 mm stage, becomes successively enlarged, lobulated, • ° 
and detached from the pharynx and in the 16 mm embryo is oca 
in its ty'pical definitive position The lateral thyroid primordia, 
from the anterior walls of the fourth endodermal pouch, undergo si 
taneous detachment from the pharynx 

This theory was opposed by Grooser in 1910 and by Kings 
1915 The former concluded that, although the ultimobranchia o^^^^ 
are embedded in the thyroid gland, they are derived from t o 
branchial cleft rather than the fourth , the latter reached o 
elusion (with resen^ations) that the ultimobranchial bodies, after a P 
of growth, finally disappear without leaiing a trace The 
of these embryologists of the existence of a single median pn 



COHN-STEW ART— THYROID TUMORS 


587 


for the thyroid gland was accepted by the majority of contemporary 
workers in the allied clinical fields 

The theory of origin of the thyroid gland from three distinct 
primordia has more recently (1933) been confirmed and greatly elabo- 
rated by Weller, who after studying 24 human embryos and other 
material, although recognizing the morphologic changes m the “lateral 



Fig I— A, lateral aspect of the pharyngeal and primordial epithelium of a 
4 mm embryo B, ventral aspect of the same (Copied from Weller, G L, Jr 
Development of the Thyroid, Parathyroid and Thymus Glands, Publication 443, 
Carnegie Institute of Washington, 1933 ) 

thyroid component” described by Kingsbury, disagreed with his con- 
clusions and estimated that the median and the two lateral primordia 
each contribute about one third of the tissue to the definitive thyroid 
gland and in the 13 mm embryo fuse into a morphologically single 
structure which histologically is composed of two distinct types of tissue 
(figs 1, 2 and 3) 
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Aberrant thyi Old tissue deposited during migration of the median 
primordmm has been lepoited as occurring m vaiious locations m the 
mi me of the neck, from the foiamen cecum to the definitive thyroid 
. '•yioid tissue has also been reported as occurring in the naso 
p arynx, ary nx, trachea, esophagus, mediastinum, pleura, pericardium 
ary an ong bones The present study is limited to the consideration 
ot tumors of th} roid tissue located m the lateral regions ot the neck, with 
and without tumors in the thyioid gland resembling them histologicallv 

CLASSIFICATION OF CASES 

, There ^^ve been collected m the Surgical Pathological Laboratory of 
opkms Hospital during the forty-five year period from 1893 
0 t le records and sections of 20 cases in which tumors of lateral 



^ median view of the median and lateral thyroid components of s 
mm fetus The two structures are intimately approximated, the latter sti 
maintains its rounded shape and is connected by a pedicle with the epitbeimm of 
the pharynx 5, typical frontal section through the median th\roid component to 
the arrangement of the thyroid epithelium (Copied from Weller, G L, Jr 
Development of the Thyroid, Parathyroid and Thymus Glands, Publication 4-fJ, 
Carnegie Institute of Washington, 1933 ) 

Fig 3— A, medial aspect of the right half of the thyroid gland m a 13 mm 
em ryo The lateral thyroid is no longer connected with the pharynx, but 
remains ot the pedicle are present B, typical transverse section of the 'ame o 
s ow that contact between the median and lateral components is intimate an f ^ 
the lateral thy roid contains a large central lumen (Copied from Weller, G LAJ 
Development ot the Thyroid, Parathyroid and Thymus Glands Publication 
Carnegie Institute of Washington, 1933 ) 

aberrant thyroid tissue were present Three of these cases ba'C pre 
\ lously been reported bv IiIcGlannan As in the great majority ot t 
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cases reported m the literature, the clinical diagnosis in most instances 
was incorrect The most fiequent diagnoses weie tuberculosis, lympho- 
sarcoma, Hodgkin’s disease and cyst of the branchial cleft These 20 
cases have been reclassified after review of the histones, microscopic 
sections and ultimate results The accompanying table shows the group- 
ing in the reclassification 

A prion, the presence of thyroid tissue in nonindigenous areas is 
dependent on the growth of cells misplaced during embryonic develop- 
ment or on cells which have metastasized from a tumor developing at 
the site of such an island of cells or from a tumor originating within the 
thyroid gland 

Among the problems winch arise in connection with the study of 
these tumors are their origin, cellulai propensities, histologic structure, 

Classification of Tumors 


Group 1 Adenocarcinoma ot thyroid -with metastasis to cervical Ijmph nodes (7 eases) 

A Palpable tumor of thyroid gland on examination G cases 
B History of excision of a tumor from thyroid gland 1 case 

Group 2 Aberrant malignant thyroid tumor in the presence of a normal thyroid (fl cases) 

A No metastasis to ceryical lymph nodes 1 case 
B Metastasis to cervical lymph nodes 5 cases 

C Metastasis to cervical lymph nodes (no Inonn thyroid or aberrant tumor in 
history or on examination), 3 cases 

Groups Benign aberrant thyroid tumors (4 cases) 

A Palpable tumor of the thyroid 1 case 
B History of excision of tumor from thyroid, 1 case 

0 No palpable tumor of thyroid or history of excision of tumor of thyroid 
2 cases 


classification, treatment and prognosis Metastatic papillaiy adenocar- 
cinoma m the cervical lymph nodes from adenocarcinoma primary either 
Within the thyroid gland or in aberrant thyroid tissue has frequently been 
mistaken clinically and even histologically for benign hyperplastic 
aberrant thyroid tissue or benign papillary adenoma 

ANALYSIS OF CASES 

Giotip 1 A (6 cases) — In each instance there was a palpable tumor 
of the thyroid gland at the time of examination, and in 5 instances the 
tumor was a typical papillary adenocarcinoma The remaining tumor 
"as classified as a variant of the papillary adenocarcinoma and showed 
marked vascular invasion, belonging to the group recently described bv 
Graham The absence of any evidence of remote metastasis m 5 cases 
many years after involvement of the regional l3miphatic nodes confirms 
the low grade of mahgnancv of the majority of these tumor‘s 
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One patient i eturned with regional recui i ence in the supraclavicular 
area three and a half years after excision of a small nodule in the thyroid 
gland and a group of cervical lymph nodes and has since been lost from 
observation Another is free from evidence of metastasis eighteen years 
after the appearance of the tumor in the thyroid gland and sixteen years 
after excision of the tumor and a cervical lymph node which was the 
seat of metastasis A third patient died of "cancer of the thyroid” thirty- 



Fig 4 — Low power photomicrograph of a low grade papillary adcnoM 
of the thjroid gland In 1906, after being apparent for fourteen 'ITic 

was excised with a group of cervical lymph nodes imolved by d’ 

patient died in 1929, twentj -three years 'after operation, of “cancer of c 


twenty-three jears after 
the cervical lymph no 


seven years after onset of the disease and 

excision of the thyroid tumor and a group of - ^ 

(fig 4) One patient (fig 5) was living, with extensive into tem^ 

the thy'roid and cervical ly mph nodes when last heard from, m 
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years after a biopsy which showed papillary adenocarcinoma One 
patient returned for excision of the right lobe of the thyroid seventeen 
years after onset of the tumor and ten years after excision of the left 
lobe and the cervical lymph nodes on the left and has since been lost 
from observation The remaining patient (fig 6) m this group, whose 



P'S 5 — Photograph of a patient taken Jan 10, 1935, ten jears after a biopsi' 
which showed papillary adenocarcinoma 

lesion was classified as a vaiiant, died nine 3'^eais and eight months after 
the tumor was fiist observed and four years and eight months after 
operation At autopsy metastases weie observed m the brain, lung, 
spleen and small intestine The age at onset m this group varied from 
IS to 46 years Four of the 6 patients vere under 35 3 ears of age, and 
the average age at which the tumors became apparent was 36 3'ears 
Two of the patients had slight toxic s3nnptoms 
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loid^anTfelf ^ sections in this case showed chiefly col- 

lo d and fetal adenoma ^vith areas of papillary adenocarcinoma Thy- 

th eeZ7ar' Performed at the age of 38 Subsequently there were 

died ^y™ph nodes The patient 

gi een years aftei the thyroidectomy, with inoperable local reciir- 



r.rrf P°"'er photomicrograph showing a variant of papiUarj adcao 

carcinoma of the thyroid gJand Note the vascular invasion The patient died nine 
tears and eight months after the tumor ^^as first observed and four years and 
e g It months after it Mas excised At autopsy metastases nere obsened m the 
brain, lung, spleen and small intestine 


rences mtohing the pharynx and esophagus and producing grsdutil 

starvation There was no clinical evidence of remote metastasis Vutops' 
was not performed 



COHN-STEW ART— THYROID TUMORS 


593 


Gioup 2 A (1 Case) — The patient was a Negress 39 yeais of age 
There was a small, rounded firm nodule 1 5 cm m diametei to the left of 
the midline of the neck and below the hyoid bone This nodule had been 
present for one year when it was excised (Dec 8, 1936) The sections 
showed colloid and fetal adenoma and the early stage of papillaiy adeno- 
carcinoma The patient was reported well m August 1938 In view of 



Dg 7 — Low power photomicrograph of the earlj' stage of papillan adeno- 
carcinoma (See text for clinical note ) 

the benign nature of the larger part of the tumor and the ver}" early stage 
of adenocarcinoma, it is possible that the restricted operation may have 
been sufficient to prevent recurrence 

Gioup 2 B (5 Cases) — The histologic structure m 4 of these cases 
''as that of typical papillary adenocarcinoma similar in appeal ance to 
the tumors m group 1 In 1 of these there vas, in addition, grade 4 
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carcinoma In the remaining case the microscopic picture was that of 
colloid adenoma with invasion of the blood vessels as described by 
Graham The patient died of metastasis twelve years after onset of the 
disease, during which time theie weie five operations and roentgen and 
radium therapy were given Two of the patients aie well eleven years and 
six years respectively after onset of the disease and five years and two 



Fig 8 — Low power photomicrograph showing a typical papillary adenocarcinom 


years respectively after operation One patient has been lost ro 
observ^ation The patient with a combination of papillary adenocarci^ 
and grade 4 carcinoma died six and a half years after onset o 
disease and six months after operation (figs 8 and 9) 

The thyroid gland in each case in this group was considered norin^^ 
and in no instance was there any”^ nodule within the thyroid giao 
toxic symptoms The age at which the tumor became apparent ^a 
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from 22 to 69 years, and the average age was over 47 years, higher than 
in group 1 A 

Group 2 C (3 Cases) — The 3 cases in this group differed clinically 
from the cases in group 1 by the absence of any tumor in the thyroid 
gland and from the cases in groups 2 A and 2 B by the absence of any 
demonstrable primary aberrant thyroid tumor In none were toxic symp- 



FiE 9 — High power photomicrograph from another area m the same tumor, 
showing highly malignant anaplastic carcinoma 

toms piesent In 2 of the cases there had been a previous incomplete 
operation 

Because the microscopic pathologic picture in each of these 3 cases 
''as that of papillary adenocarcinoma similar to the papillary adeno- 
carcinoma in groups 1, 2 A and 2 B it seems likely that the primart tumor 
cither tvas excised at a previous operation or v as so invoh ed in the mass 
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of carcinomatous lymph nodes that it was indistinguishable from them 
The ages at which the tumor became apparent were 18 years, 8 years and 
28 years lespectively, and the duration of the tumor prior to operation was 
six years, thirty years and two years respectively Attention is called to 
the youth of the patients at the time the tumor first appeared and the Jong 
duration of the tumor without evidence of extension beyond the regional 
lymph nodes 


HISTOLOGIC DESCRIPTION OF PAPILLARY ADENOCARCINOMA 


The primary aberrant tumor may indicate its origin from a thyroid 
pnmordium when it is composed of large coalescent colloid-containing 
vesicles lined by cuboidal epithelium showing an early stage of papillary 
proliferation (fig 7) This is true even m the advanced stage of a very 
cellular anaplastic carcinoma containing tumor giant cells and showing 
almost complete absence of stroma when this is continuous with an area 
of papillary adenocarcinoma (figs 8 and 9) 

Sometimes the tumor is made up of large lobules of irregularly dilated 
and coalescing vesicles m which there are no remains of colloid material, 
united by a scant)'' amount of loose connective tissue and separated by 
dense fibrous stroma The acini are lined by a single layer of cuboidal 
or columnar epithelial cells, and there is scarcely any papillary prolifera- 
tion, the tendency being toward formation of increasing numbers of small 
acmi Vascularity is only moderate, and calcification is not present 
Where the lobules become more irregular, the loose intralobular stroma 
disappears and the picture is that of a syncytium with epithelium-hne 
spaces (fig 10) Where all evidence of lobules disappears, there is 
dense connective tissue infiltrated at intervals by epithelial cells i 
ferentiatmg into glandlike structures and producing the t3'pical appear 
ance of an adenocarcinoma 


The microscopic appearance of papillary adenocarcinoma origmatmo 
m the thyroid gland or m aberrant thyroid tissue is most typical when 
observed m a cervical lymph node showing metastases from such a 
tumor ^ As a rule the normal structure of the lymph node is destro) e 
and variable amounts of lymphoid tissue remain Sometimes at the site 
of the lymph node there is a diffuse multilocular papillomatous cyst 
wall of the cy st is lined by' a single layer of cuboidal or columna^ 
epithelial cells and dn ided by many thin partitions lined on each side ' 
a layer of similar cells Betvveen the opposing bases of these epithei 
cells is a narrow zone of loose fibrous stroma in w'ldth only' about w ^ 
the height of the lining epithelium except where distended 
are present Projecting into the lumens of the cy'stic areas are hun 


1 See ficrure 13 in Cohn 
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of small and largei papillomas covered by a single layer of epithelium 
similar to the epithelium of the cyst wall These papillomas are usually 
long and narrow, show marked arborization and contain only enough 
stroma to support the extensive capillary network nourishing the epithelial 
cells on the surface Frequently in the walls of these cystic aieas theie 
are large collections of regular colloid-containing vesicles, occasionally 



Tig 10 — Low powei photomicrograph of a primary “lateral aberrant thyroid 
adenocai cinoma ” Note the absence of papillary proliferation 

such vesicles are present even in the papilloma, and sometimes the cysts 
bate a colloid content 

In raiei instances, diftuse areas of colloid tesicles predominate and 
there are only occasional areas of papillary adenocarcinoma The tissue 
IS all tery vascular, and m addition to the distended capillaries in the 
"alls of the cystic areas and in the stalks of the papillomas there is usually 
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follow 1 patient since the operation Six patients are well eighteen years, 
five years, three years, two and one-half years, two years and one year 
respectively after operation These results parallel to some extent those 
m the larger group recently reported by Crile The absence of remote 
metastasis m the puie papillary tumors has led this author to the con 
elusions mentioned earlier m this paper 
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Fig 12 — High power photomicrograph of a “lateral aberrant thyroi^^^^ 
showing adenomatous hyperplasia The growth was e'-cised March , 
adenoma had been excised from the thyroid gland Sept 9, 1933 1 c p 

well July 22, 1939 Compare with figure 11 


COMMENT ^ 

If the conclusion of Weller that tlie definitive thyroid ,,^1 

from three primordia is correct, it seems logical to concilia (jemcd 

aberrant thyroid tissue and the tumors to which it gives rise are ^ 
from the lateral thyroid component The histologic 
papillary adenocarcinoma arising in the thyroid gland and o 
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adenocarcinoma aiising in latcial abciiant thyroid tissue aie so similar 
that their oiigiii from a common anlage is suggested If this is so, the 
location of the tumoi ^\ ithiii or outside the thyroid would be determined 
by the time the embryonic tumor cells are split oft from the lateral 
primordium If the split occurs during fusion of the lateral and median 
thyroid primordia, the tumor \\ill be located m the thyroid gland, if 
the split occurs before fusion, the tumor will appear lateial to the thyroid 



Fig 13 — Low power photomicrograph of an encapsulated adenoma of lateral 
aberrant thyroid tissue (See text for clinical note ) 

gland as an “aberrant thyroid tumor ” Tending to confirm this theory 
of the histogenesis of papillary adenocarcinoma is the fact that rarely, 
if ever, do papillary tumors occur along the tract of the median 
primordium, whereas papillary tumors are reported to constitute 70 
per cent of the “lateral aberrant thyroid tumors” studied by Billings and 
-Paul and composed 80 per cent of the tumors under consideration in this 
study 
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It IS true that myxedema has been more frequent after excision of a 
medial lingual thyroid, but this has also occurred after excision of a 
lateral aberrant thyroid Such a case was reported by Probstein and 
Agress 

Gfoup 3 A (1 Case) — The patient was a white man 22 years of age 
with two small nodules attached to the thyroid gland, a small mass over 
the trachea and multiple larger masses on the right side of the neck, 



aberrant thyroid tissue. (See text for clinical note ) 


described as at least 3 cm m diameter The nodules extende 
submaxillary area behind the sternocleidomastoid muscle to 
They were of twelve years’ duration, and they were associate vvi 
symptoms referable to the thyroid The patient is reported we ^ ggj-s 
1939, thirty-nine years after onset of the lesion and 
after exasion of the nodule in the thyroid gland and the la er 
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The microscopic picture showed C 3 'stic thyroid acim and solid thyroid 
acmi plugged by epithelial cells showing hyperplasia There wei e no areas 
with papillary arrangement or A asculai invasion (fig 11) 

Gioup 3 B (1 Case) — A girl had undergone an operation foi excision 
of a nodular growth from the left lobe of the th 3 T 0 id when 12 3 'ears of 
age and excision of a nodule from the left side of the neck two years and 
SIX months later The sections fiom both nodules showed solid acini of 
h 3 'perplastic thyroid (fig 12) At examination on July 22, 1939, thiee 
3 ears and four months aftei the second operation, w^e were unable to 
palpate any new nodules During the past yeai the basal metabolic rate 
has varied from — 13 to — 32 per cent The patient is taking thyroid 
extract The diagnosis of a benign lesion is based on the histologic 
appearance of the h 3 peiplasia and the absence of both papillai 3 f arrange- 
ment and vascular invasion, a picture similar to that in the pieceding 
case, m which the ultimate result is knowm after a long period of 3 '^ears 
In both the nodules were piobabl 3 '^ the result of compensatory hyperplasia 
because of a h 3 poplastic thyroid gland, the second nodule developing 
in lateral aberrant thyroid cells after excision of one lobe of the thyroid 
gland 

Gioup 3 C (2 Cases) — The first patient was a white woman 62 years 
of age The tumor, which was 1 5 cm in diameter, w'as situated to the 
right of the larynx about the level of the coracoid process It had been 
noticed by the patient for only two weeks, and there were no toxic 
symptoms After the excision she lived for twenty-two years She died 
at the age of 84 without any evidence of recurrence of metastasis The 
microscopic section shows an encapsulated adenoma with hyperplasia 
(% 13) 

The second patient in this group was a white w'oman aged 38 with 
a nodule m the upper right cervical region It had been present for 
one and one-half years when it was excised (in 1915) There had been 
nervousness for one 3 ^ear The thyroid gland appeared normal Histo- 
logically the lesion showed simple colloid hypertrophy without hyper- 
plasia, papilloma or vasculai invasion There has been no recurrence 
in the twenty-four years which have elapsed since the operation 

COMMENT 

Aberrant thyroid tissue ma 3 ’’ undergo hypertrophy or even compensa- 
tor 3 ’^ hyperplasia because of a hypofunctioning thyroid gland or because 
of neoplasia In the case of simple hypertrophy the diagnosis can be 
made with relative assurance Physiologic hyperplasia, however, creates 
a diagnostic problem because of the difficulty in distinguishing histo- 
logically between hyperplasia and neoplasia m thyroid tissue located 
outside the capsule of the thyroid gland When the occurrence of this 
hyperplastic thyroid tissue beyond the confines of the thyroid gland 
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follows excision of hyperplastic tissue from within the thyroid gland, as 
in 1 of the cases afoi ementioned, the diagnosis is rendered even more 
difficult The absence of papillary proliferation and vascular invasion 
suggests a benign lesion 

SUMMARY 


A biief review is made of the literature on tumors of lateral aberrant 
thyioid tissue 

Twenty cases of thyroid tumors in the lateral regions of the neck 
with and without an analogous tumoi in the thyroid gland have been 
analyzed and an attempt made to correlate them on an embryologic basis 
Eighty per cent of the patients had papillary tumors, and 3 of these 
showed, in addition, higher grades of malignancy 

A histologic description of the papillary tumors is given 
Local or regional recurrence after incomplete operation occurred in 71 
per cent of the cases of papillary tumor, but none of the patients with 
pure papillary tumors died of remote metastasis 

Four, or 20 per cent, of the tumors showed benign hypertrophy or 
hyperplasia of lateral aberrant thyroid tissue, and m this group tbero 
has been no recurrence or metastasis during the many years 3 of them 
have been followed or foi more than tin ee years in the more recent case 


CONCLUSIONS 

Surgical treatment of papillary tumors in the lateral regions of the 
neck should consist of their complete excision and block dissection o ^ 
cervical lymph nodes When the lateral thyroid tumoi shows no evi enc 
of papillary proliferation or vascular invasion, restricted surgical evcision 
IS adequate 
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RELATION OF TUMORS OF LATERAL ABERRANT 
THYROID TISSUE TO MALIGNANT DISEASE 
OF THE THYROID GLAND 


ROBERTSON WARD, MD 

SAN FRANCISCO 

Tumors of lateral aberrant thyroid tissue offer a particularly fruitful 
field for the investigator interested in the origins of cancer In some of 
the earliest reports of this condition, Hinterstoisser ^ pointed out that the 
tendency to malignant degeneration in these primarily benign tumors n 
great When one considers the fact that the dividing line behveen 
innocent and malignant tumors is nowhere less sharply drawn than la 
tumors of thyroid tissue showing the papillary design, it will be seen 
that intriguing opportunities are offeied in the study of this group of 
neoplasms Most investigators agree as to the possibility of malignant 
change, but there is considerable difference of opinion as to the point 
at which malignancy begins, the criteria of malignancy and the degree ot 
malignancy, once the diagnosis is established Dunhill ^ wrote ft 
would seem that these misplaced bits of tissue, whether in the lateral 
triangle of the neck or in the thyroid gland itself, foredoom the host to 
carcinoma from before the day of birth” On the other hand, Crile’ 
said Tumors arising in lateral aberrant thyroid tissue are essentiall) 
benign and “It has not been proven that either distant or local metas^ 
tasis occurs from papillary tumors of lateral aberrant thyroid origin 
These two views represent the extremes, and it is probable that the tnit 
lies somewhere between them 

Because this point of benignancy or malignancy is so controversial, 
present 15 cases of tumors of aberrant thyroid tissue Twelve of ti 
growths I consider malignant, and 3, benign For each case a shon 
discussion IS presented, detailing the reasons for classifying the grov ^ 
as benign or malignant Many may not agree with my conclusions 

From the Department of Surgery, University of California Medical Sch ^ 

Read before the Surgical Section of the Third International Cancer Congr 
Atlanbc City, N J , Sept 13, 1939 ^ 

1 Hinterstoisser, H Beitrage zur Lehre ■vom Nebenkropf, 

Wchnschr 1 651-653, 680-682 and 701-703, 1888 

2 Dunhill, T P Carcinoma of the Th 3 roid Gland, Brit J Surg t9 

1931 ^ 

3 Crile, G W, Jr Papillary Tumors of Thvroid and Lateral Ab 
Th^rOId Origin, Surg, Gjnec & Obst 69 39-47, 1939 
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studying the case histones and the photomicrographs It is evident that 
in many of these cases only the passage of time and the eventual outcome 
will prove w'hether the tumors are malignant (as m case 3, cited here) 
Because these tumors of aberrant tissue are of such a low degree of 
malignancy and because many malignant tumors of thyroid tissue m 
general have a tendency to he dormant or to progress very slowly over 



l-iO U-20 21-50 51-40 41-50 51-60 61-70 71- 
^ AGE BV- DECADES 

Fig 1 — A, age incidence of malignant tumors of lateral aberrant thyroid tis- 
sue B, age incidence of 95 malignant goiters not of lateral origin 

many years, a long period of observation m addition to a rigid follow-up 
m all cases is an absolute necessity before conclusions can be drawn 
I hesitate to draw absolute conclusions even if a follow-up has been 
obtained on each patient to the time of his death or, if he is living, to 
^hc time of writing, as has been done in these 15 cases of tumor of 
aberrant thyroid tissue and in 95 cases of cancel of the noimally placed 
thyroid gland 
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COMPARISON or LA.TERAL AND MIDLINE NEOPLASMS 

In 4,274 opeiations from which material was available for pathologic 
examination there weie 15 tumors of lateial aberrant thyroid tissue 
and 95 malignant giowths arising in normally situated thyroid glands 
This gives a latio of 1 to 285 for the former and 1 to 45 for the latter 
The aveiage age of the 12 patients with malignant tumor of a lateral 
aberrant thyroid was 24 , of the 95 with malignant tumors in the midline, 
52 7, and of the 3 with lateial benign tumois, 48 Fifty-eight per cent 
of the patients with malignant tumor arising in lateral abeiiant thyroids 
were undei 30 years of age, while only 7 per cent of malignant tumors 
of the midline appeared m the first three decades of life The compa^ 
tive statistics foi age are shown in the accompan)mig graphs (fig ) 
The early onset lends weight to the assumption that tumors of 
aberrant thyroid tissue are associated with developmental abnonna >hes, 
such as lack of fusion of the median and the lateral thyioid 
They further suggest that the tumors are not primarily malignant, sm 
they develop before the age when malignant tumors ai e prone to appe 
In this respect it must be emphasized, howevei , that general ° ^ 
should not be drawn from a small series, as the oldest patient ) 
have his tumor till he reached the age of 66 years, and 3 o t 
patients with malignant tumor of abenant thyroid tissue were 
51 years of age when they came under observation 

The sex ratio was as follows , „„.io 

Males remales 

K 7 ^ ^ * 

Malignant tumors of lateral aberrant thyroid tissue ^ j 5 

Midline malignant tumors ^ j 2 

Benign tumors of lateral aberrant thyroid tissue ^ 

t|^0 

In the general series of patients with goiter opeiated on 
same interval the ratio was 1 male to 7 females in 4,274 opera 
The duration of the tumors before the patients sought me ica 
tion varied from eight months to fifteen years, the jl,at 

fifty-six months (table 1) An analysis of the histones m 


Table 1 — Pi copei atwe Dwatwn of Tumor and Piobable DuraUox 0. 




Case 

1 

2 

3 

4 


S 

9 

10 

11 

12 


Duration of 
Tumor 

C years* 
15 years 
1C months 
2 jears 
C years 
S months 

2 years 
11 months 
13 rears 

3 years 
15 months 
2 D rears 


Probable 

1 year 
Smont|js 

16 niontns 

1 yeor 
SmontM 
Sjnontn* 

2 yrat* 

04 month’ 

Tntnoiw 

15mont^ 
emontr' 


• Midlino tumor of sK rears’ duration before operation 
years after operation and rras removed one year later 


A lateral nodolc 


aPP' 
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4 of the tumors were malignant from the onset (cases 3, 6, 7 and 11) 
In 1 case (9), a “midlme and lateial” tumor had grown foi eight years 
and had remained unchanged foi six, so that no estimate of the duration 
of malignancy could be made In the lemammg 7 cases a midhne or a 
lateral tumor had been in existence for fioni one to fifteen yeais before 
rapid gro^\th or the appearance of othei nodules suggested malignant 
change It should be leahzed, however, that the onset of lapid giowth 
IS not a dependable sign of malignant ciiange, as many of these tumors, 
malignant from the beginning, either he doimant or giow slowly for 
years, on the other hand, lapid and continuous giowth may take place 
in tumors which run a chnicall) benign course and show little, if any, 
evidence of malignanc} m then micioscopic pattern 


A comparison of the moitahty for tumois 

in the two locations is 

of interest 

Lateral 

Mfdllno 

Lateral 


Mallfrnant 

MaliRnant 

BenlRn 

Bead ol disease 

3 (25%) 

51 (53 5%) 

0 

Living with recurrence or persistence of disoa^c 

•1 (33%) 

10 (10 5%) 

2 (06%) 

Living without evidence of di®ea«o 

5 (427o) 

29 (30 5%) 

1 (33%) 

Bead of Intercurrent disease 

0 

5 (5 5%) 

0 

Of the 3 patients dead of lateial 

tumors, 

2 (cases 3 

and 5) had 


growths of the papillary type, while 1 (case 9) had a tumor of the malig- 
nant adenoma type Of the 12 malignant tumors of lateral aberrant 
tissue, 7 either were predominantly papillary or showed some signs of 
that type of growth, while 5 showed no tendency towaid papilhferous 
change 

LOCATION or TUMORS 

The most common location of lateral aberrant tumois is along the 
course of the sternocleidomastoid muscles Figure 2 and table 2 show 
the distribution of the tumors in my 15 cases It is worthy of note that 
m only 3 instances were the tumois single, that the most common site 
was under the middle of the left sternocleidomastoid muscle, that 42 
of them were located in the left side of the neck and 29 in the right, 
and that in only 3 cases was there no associated involvement of the 
thyroid gland 

REPORT OF CASES 

Case 1 — E B , a white woman 29 years of age, first consulted me Feb 24, 
1924, complaining of swelling in the left side of the neck for the past five or 
SIX years She had experienced a feeling of tightness and of dull, aching pain, 
persistent and increasing for the past two or three years On physical examina- 
tion a fairly hard, rounded mobile nodule could be felt in the left upper pole of 
the thyroid gland 

At operation, on February 25, an encapsulated nodule was removed from the 
left upper pole of the gland, and a smaller nodule, showing questionable erosion 
of the capsule, was removed from the right upper pole 
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The pathologic report was in part as follows Both the large mass (that on the 
left) and the smaller one showed mostly the papillary cjstadenoma type of tissue 
One area in the smaller mass showed active sheets of invading tissue A pathologic 
diagnosis of early malignant tumor arising in an adenoma was made (fig 3) 
The patient was kept under observation, and on April 30, 1930, lateral nodules 
were noted along the anterior border of the left sternocleidomastoid muscle, just 
below the angle of the jaw One measuring 2 7 cm in diameter was noted above 
the left clavicle These were removed on March 23, 1931 and were found to be 
deep and adherent to the carotid artery and the jugular vein One was ruptured on 
removal, with release of thick, grayish necrotic material On pathologic examina 
tion the tissue was called metastatic, slowly growing carcinoma, identical v'lth 
the tumor from the original goiter No lymph node architecture was noted 
During March 1931 the patient received roentgen therapy to the amount of h?®) 
roentgen units 



® 

Fig 2 — Diagram showing the most common locations of lateral ® 
tumors Table 2 gives the location of the tumors in our IS cases in re 
to this diagram 



Total tumors 
per case 7 


Indicates involvement oj area by tumor listed under another location 


■5 furtb'-f 


In March 1932 a new group of nodules was noted She was gi^^ j^fqrch 
course of therapy, 650 roentgen units, with little resultant change 
1934 the nodules were slightly larger, and operative removal was 
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On April 15 nodules were noted along the left sternocleidomastoid muscle and 
abo\e the left cla\ncle These were remo%ed through separate incisions on April 16 
All were adjacent to the jugular lein but not invading it The lower ones were 
matted together and removed en bloc Seven grams of tissue was excised The 
nodules were hard, elastic and bluish grav Microscopic examination showed that 
thev were not l}'mph nodes but encapsulated thjroid tissue They were entirely 
similar to those observed at the two previous operations On pathologic examina- 
tion the tissue was diagnosed as lateral aberrant thyroid adenoma 

There was no sign of recurrence bj Ma> IS, 1939, when the patient was last 
examined 



Fig 3 (case 1) — Photomicrogaph (X 120) of tissue removed from E B at the 
first operation The clear areas represent hyalinized alv eoli w hich are surounded by 
small epithelial cells in patternless fields A similar picture was seen in all sub- 
sequentlv removed tissue 


Comment — ^The growth in this case was originally placed among 
the malignant tumors of the normally placed thyroid gland because 
of the erosion of the tumor capsule observed at operation and grossly 
on pathologic examination The microscopic picture lent evidence to a 
diagnosis of malignant tumor, although the malignancy was of low 
degree The appearance of lateral nodules six years and ten years after 
the ongmal operation lent further weight to this presumption There 
"as no gross or microscopic evidence that these recurrences were 
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metastases to tymph nodes, but a study of the microscopic section: 
showed a picture similar to that of the original tumor, and there 
ewdence of penetration of the blood -vessels in both the original and 
the recurrent tumor Against the diagnosis of malignant tumor were the 
absence of mitosis in all speamens and the fact that the patient ha: 
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claMcle, which had been present fifteen a ears It had grown rapidlj during the 
three \ears preceding nn examination of the patient and had doubled in size 
It had been firm until four months earlier, when it had become soft and fluctuant 
The patient stated that the lump started near the midline, below the cricoid 
cartilage, and extended latcralh and upward to the angle of the jaw It had become 
lobulate one ^ear preiioush The tumor produced no s\mptoms 

On phisical examination a large lobulatcd mass could be seen and felt, 
apparenth superficial to the right sternocleidomastoid muscle and extending from 
the suprasternal notch upward toward the angle of the jaw It was onh shghtlj 
moiable and apparenth was attached to the underljmg structures Although it 
moied slighth with deglutition, it did not seem to be attached to the thiroid 
gland It was hard in some areas and soft in others 

At operation, on April 22, the mass was tound to be made up of multiple 
cistic and solid tumors adherent to the neuro\ascular bundle but pushing the 
sternocleidomastoid muscle lateralK and back It extended mediallj obliterating 
the ribbon muscles, and was attached to the right lobe ot the thjroid b\ a pedicle 
On pathologic examination a diagnosis was made of papillari carcinoma, 
probabh arising in lateral tinroid tissue Imasion ot the blood -vessels was found 
in a number of areas (fig 4) 

The patient was h\mg and well in Ma\ 1939 

Comment — This case represents one of the apparent paradoxes of 
cancer of the thjroid The tumor was grossly malignant m appearance 
at operation m that it had penetrated the iibbon muscles and spread 
throughout the neck regardless of cleavage planes It was grossly and 
microscopicall} malignant on pathologic examination in that it had pene- 
trated its capsule, infiltrated muscle and invaded the capsular vessels in 
man) places There w as normal-appearing thyroid tissue in the section, 
and the malignant areas showed a papillar) pattern tor the most part, but 
there were many areas of adenocarcinoma wdieie the tumor was invasive 
The photomicrograph (fig 4B) showing in\asion of the blood vessels 
■was taken from a portion of the specimen some distance outside the 
tumor capsule and in the midst of skeletal muscle fibers This patient 
recened no roentgen therap) after operation and yet is living and 
apparently free of disease over thirteen )ears later In this case a ques- 
tion arises as to the origin of the tumor Although it occupied a position 
suggestue of lateral aberrant thyroid origin, it was attached to the right 
lobe of the gland bv a small pedicle, and the patient stated that it had 
first appeared near the cncoid cartilage and progressed lateralw ard 

Case 3 — F, a white woman 62 jears of age, first consulted me because of 
a mass in the left side of the neck on June 15, 1927 The mass had been first 
noticed in Februarj 1926 It had been unassociated with pain or discomfort and 
had apparenth remained the same size or growm \ ery slow h during the -v ear and 
a half of its existence The patient had lost 4 to 8 pounds (18 to 3 5 Kg ) in 
the past SIX months Examination ga\e essentially negatue results except for the 
condition in the neck 

On the left side or the neck there was a large mass, roughh sausage shaped, 
14 cm m length, hmg under the left sternocleidomastoid muscle and running 
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obliqueh irom the region oi the leit upper pole of the thjroid gland upr-ard 
and backward to and immediateh beneath the mastoid process The tumor ■na. 
sharph outlined, movable and not tender It was not thought to be connected 
w ith the left lobe oi the tht roid and did not mot e tuth deglutihon There tva. 
a second nodule protruding just abote the leit claticle, lateral to the loner end 
OI the sternocleidomastoid muscle. A working diagnosis of tuberculous bnipi 
aoemtis was made, and a biopst speamen was remoted on June 15 

Pathologic exanunation of this tissue showed papillart carcinoma oi tee 
tht roid On Jult 15 the patient w as operated on, and a left subtotal lobectcm 
01 the tht roid and radical neck dissection on the leit side, mcludmg the jugnl^ 
tein, were carried out -•\t this time the larger lateral mass was found to be 
attached to the outside oi the leit lobe oi the tht roid The smaller nooule, abore 
the clavicle was separate 



Fig 5 (case 3) — Photograph of E F, taken in the interval between 
recurrences of 1931 and 1938 


Alter operation, from Jult to October, the patient receited 3,3^ jojS ‘’■- 
omts directed to the leit side of the neck, and irom Dec 2 to June -j 
receited an additional 2,200 roentgens Before the radical operation 
oat, in Jult 1927, a complete roentgen studt oi the skull and 
snotvn no metastatic lesions The patient was followed closelj and ^ p, 

untJ December 1931, when a small, tender nodule appeared m the e j. , oi 
tne neck, under tne miadle of the scar This disappeared alter a 
'oentgen therapt in which she receitea 1,400 roentgens l>er nem 'd 

fSg 5) taken at thiS time showed no masses, ard examinaPon e, 

a soit, pliable scar .nw-dee' ' 

In .4.0111 1937 she was treatea for acute disease oi the gd 
eiart mentns oi d etart treatment she lo=t 28 pounds (127 Kg) 
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In AIa> 1938 Horner’s sMidrome developed on the left This was felt to be 
due to inrohement of tlie cerricnl portion of the sympathetic nervous system 
bj recurrent carcinoma At this time some indefinite induration could be felt 
in the subcutaneous tissues of the left side of the neck She was given a course 
of roentgen therap\ during August 1938 The treatment was applied to three 
fields, anterior, posterior and lateral, on the left side, and she received 1,375 
roentgens per field The induration disappeared and Horner’s syndrome decreased, 
apparentlj as a result of this therapy 

Suddenly, in September 1938, cough, dyspnea, cyanosis and fever developed 
These increased in intensih, and the patient died three days later, September 14 

An autopsy was performed, with the following results No masses were 
palpable m the neck The entire laryngeal region w'as observed to be bound 
down by old, dense fibrous tissues The larynx w’as removed with extreme 
difficulty, and on its anterior aspect one observed only a small amount of muscle 
tissue and no thyroid tissue The right lung was slightly collapsed, the left lung 
was completely collapsed b\ the pressure of about 2,000 cc of amber pleural fluid 
The Msceral and parietal pleura on the left were studded with multiple nodules 
5 to 8 mm in diameter Similar nodules w'ere found deep m the parenchyma of the 
lung There was no obstruction of the bronchial tubes, and the compression of 
the lungs was apparenth due to the pleural effusion Alultiple areas of broncho- 
pneumonia were present in both lungs The remainder of the autopsy observations 
were of little interest 

Alicroscopic studies showed a few areas of cellular infiltration in the scar 
tissue dissected from the larrnx The tumor tissue on the pleural surface 
(fig 6) show'ed a compact cellular, undifferentiated type of grow'th, while that in 
the parenchyma of the lung resembled the original papillary structure of the 
tumor removed eleren rears earlier 

The pathologist stated that the clinical and autopsy obserrations suggested 
that the cancer cells were not completely removed but were held in abeyance 
by roentgen therapy The factors stimulating growth after ten years are unknown 
The first evidence of actne regrowth was the Horner syndrome, which was 
probably due to pressure of the mass on the neighboring cervical portion of the 
sympathetic trunk or to actual infiltration of it by tumor Later there developed 
an indefinite mass, never large, for there was no demonstrable enlargement at 
autopsy 

The pulmonary and pleural metastases, judging from their miliary size, must 
have been relatively recent The cause of death was total collapse of the left 
lung and partial collapse of the right lung due to effusion The effusion was 
undoubtedly due to the tremendous number of pleural metastases 

Comment — It seems to me that this case is significant because it is 
completed by death and autopsy It is a typical instance of aberrant 
papillary thyroid disease and, to a large extent, forms the basis for my 
determination of malignancy in these cases In the first place, the micro- 
scopic picture (fig 6 C) diflfeied little from that of the usual lateral 
aberrant thyroid tumor, m which one often finds few criteria of malig- 
nancy The great bulk of the tumor show^ed a papillary design In 
some areas, as m most of these tumors, there was a transition to the 
alveolar pattern, which could be seen invading the capsule and surround- 
ing the thyroid gland and the adjacent lymphoid tissue, but now'here was 
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Fig 6 (case 3) — Photomicrographs of tissue removed from E 
■metastases (X 120) , B, pleural metastases (X 500) , C, original 
D, papillarv pattern assumed b\ metastases deep m the lung (X 
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theie evidence of ln^aslo^ of the blood vessels The patient lemained 
veil for foul yeais aftei lesection and inadiation, and when signs of 
recurrence appeared they weie meagei and were promptly amenable to 
roentgen therapy Se\ en years then elapsed in which she was seen fre- 
quentl}’-, and no signs of recurience were demonstrable Even at the 
end of this time, when Homer’s s)ndrome appeared, suggesting a local 
extension, there was little m the neck to show for it Again theie was a 
prompt and apparently fa^olable i espouse to ladiation, but it is to be 
presumed that tumor cells had perforated the left pleural apex or had 
been carried to the left lung by invasion of the blood stream at the time 
when the local invasion of the neck seemed to be responding so nicely to 
therapy The absence of metastases m the right lung and pleuia point 
to direct extension rather than to extension via the blood sti earn It has 
been my experience that the papillary tumors recur locally and spread 
by extension, while the malignant adenomas, both of the Langhans type 
and the more undiffeientiated patterns, spread b}' dissemination through 
the blood stream 

In the pleural and pulmonary metastases there is an interesting 
demonstration of the inheient ability of these tumoVs to change their 
morphologic characteristics in conformity with their environment On 
the pleural surface (fig 6, A and B), where the tumor grew on a flat 
surface in a fluid medium, the cells weie compact, undifferentiated and 
patternless, while in the substance of the lung, where piessure was 
presumably less and a nutritive stroma was present, the tumor reverted 
to its original papillary form (fig 6 Z?) 

That the tumor was malignant is proved by its repeated recurrence 
and the death of the patient , that the degree of malignancy was low is 
demonstrated by the long period of survival and the equally long periods 
of apparent good health between recurrences 

Case 4 — W, a white girl 16 years of age, first consulted me Sept 24, 1930 
Tvo >ears earlier she had noted a painless lump the size of a walnut in the left 
posterior surface of the neck This had grown slowly until one year previously, 
'vhen several similar lumps appeared on the left side of the neck and grew 
rapidly Two months previously the original walnut-sized nodule had been removed 
for examination and had been diagnosed as lateral aberrant thyroid tissue 

At the time of mj examination of the patient there were three nodules under 
the left sternocleidomastoid muscle, the highest opposite the angle of the jaw 
and the largest, about 4 cm in diameter, deep under tbe center of the muscle The 
left lobe of the thvroid gland was enlarged, firm and nodular On September 25 
she was operated on, and a partial right lobectomy and subtotal left lobectomy 
vere performed Separate masses were removed from along the anterior border 
of the left sternocleidomastoid muscle (overlying the carotid artery, under the 
angle of the left jaw ) A chain of nodes extending down into the superior 
mediastinum was also removed 

Pathologic examination of the tissue removed revealed a condition diagnosed 
as adenocarcinoma involving the left lobe of the thjroid gland and a chain of 
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lateral aberrant thyroid nodules The smaller of these lateral nodules showed 
some peripheral lymphoid elements One normal, uninvolved lymph node was 
found attached to the posterior surface of the largest lateral mass 

After operation the patient received roentgen therapy from September 1930 
through January 1931, a total of 2,500 roentgen units On March 23, 1931, one 
small nodule was present in the region of the left tonsillar lymph node, which 
gradually decreased until it was no longer palpable by May 14, 1935 The patient 
has remained well, and when she was last seen, June 15, 1938, almost eight jears 
had elapsed since the operation and more than ten years since the known onset 
of the disease 



j20 

Fig 7 (case 4) — Photomicrographs of tissue removed from J ^ 

B, X SOO This picture was uniform throughout the lateral and midline no u e 


Comment — This is a most interesting and instructive case 


There 

ibabl' 


IS no question of the lateral origin of thyroid tissue It is pro 
justifiable to assume that the stimulus to its appearance and growt i 
to be found m an increased demand for thyroid function associa 
adolescence In all specimens removed the same microscopic picture 


coin- 


observed, and nowhere did this show the papilliferous pattern s 
monly seen m lateral aberrant thyroid tissue As the pliotoniicrOor‘ 
(fig 7) show, the solid cellular areas, t 3 pical of the or 

liferatmg adenoma, were invading apparentlj normal thyroid 
apparentl> functional areas had appeared in the midst of tumor 
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A lymph node removed fiom behind the largest abeiiant mass showed 
no involvement, while the smaller nodules showed peripheral l}mphoid 
tissue, suggesting that they had been 1) mph nodes replaced by metastatic 
growth Mitotic figuies weie rare, and no invasion of blood vessels 
was apparent This tumor was placed m the malignant gioup because 
of the invasive quaht}^ of the gi owth in the left lobe of the thyroid, both 
grossly and microscopically, and because of micioscopic invasion and 
perforation of the capsule in some of the lateral tumors Why a nodule 



Fig 8 (case 5) — Photographs of the patient A and B were taken prior to 
administration of roentgen therapy , C and D, approximately two months after 
roentgen therapj Note the decrease in bulk of all tissues leaving the lateral 
nodules, especially those on the right, relatively more prominent 


measuring 2 cm m diameter should become apparent in March 1931 and 
disappear without treatment in four )'ears I do not know It suggests 
that the lateral tumors were benign or that, if malignant, their potenti- 
alities for giowth were dormant until the propei stimulus was furnished 

Case 5 — J O , a white man 70 \ ears of age, was first seen in March 1932 
He had first noticed, six jears previouslj, a small painless lump, the size of a 
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marble, m the right side of the neck, 1 inch (2 5 cm ) below the angle of the 
jaw and anterior to the sternocleidomastoid muscle This grew slowlj and 
steadilj At times, especiallj in summer, it seemed to be smaller, but it never 
disappeared The lump seemed to enlarge with winter colds and on occasions 
was large enough to gne a sensation of pressure under the skin One vear 
previoush a similar lump had appeared on the right side and had grown steadih 
During the past vear a number of lumps, above and below' those mentioned, had 
appeared Eight months previouslv a hard, irregular mass 2 to 3 cm in diameter 
had appeared in the left submaxillarv region and had grow'n rapidh until it 
filled the entire neck This mass was purplish There was no pain or tenderne.s 
Two months previouslv' the patient had noticed hoarseness, a change in the voice 


Fig 9 (case 5) — PhotcmicVographs of tissue removed from J 0 > 

specimen showing papillarv carcinoma (xl20) B, tissue removed 
after roentgen therapv (X -15), showing the semmecrotic appearance of tie 


m 

and a sense ot pressure in the neck Difficultv in swallowing, 
shoulder and occasional occipital headache had been present for the pas 
In Tanuarv 1932 his local phv sician had attempted aspiration and o taiu 
blood A. and B, figure S, show the appearance of the masses y,-(fer 

was first seen bv me In these photographs one can see a separate n 
the right jaw, and others were palpable in both lateral triangles of jiods 

A biopsv done on Marcli 27 showed papillarv carcinoma m a 
(fig 9 A) ]^5 

Roentgen treatments were given from ^larch 29 to April 12 
roentgen units was given to each field, anterior and posterior, 800 
at one sitting being equal to 1 skm erv thema dose The patient entere 
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again on June 7, at which time a slough had occurred (fig 8 C and D) On June 
9 the anterior half of the sloughing mass was remo\ed surgicallj, and on June 
15 the neck was dissected, most of the remaining malignant tissue being removed 
At this operation 18 niilhcuries of radium m seeds was inserted in the irremovable 
portions of the tumor At the time of operation tumor tissue was found invading 
the apex of the left pleural cavity, and the pleura was torn, permitting entrance 
of a small amount of air 

Pathologic examination reiealed papillar}' carcinoma, showing the necrosing 
effect of roentgen therapj (fig 9 B) 

The patient left the hospital in three weeks and returned to his home, where he 
died on August 8 Autops^ revealed emp 3 ema of the left side of the chest as 
the cause of death No recognizable cancer was observed at autopsy m tissues 
from the neck Necrotic tissue was present, extending from the neck into the 
mediastinum 

Comment — There seems to be little question that this piocess was 
originally extrinsic to the thyroid gland It is also likely that a similar 
growth appeared shortly m the gland itself and that both weie of a low 
grade of malignancy from the onset The tumor was appaiently maik- 
edly sensitive to ladiation (figs 8 and 9) Although no tumor tissue 
was observed at autops}, which was peifoimed at the county hospital, it 
IS hardly conceivable that there were no viable tumoi cells m the neciotic 
tissue extending from the hyoid bone to the mediastinum and that the 
patient would not have suffered latei fiom a lecurrence 

Since treating this patient I have been loath to attempt extensive 
preoperative roentgen iiiadiation because of the danger of sloughing of 
the skin secondary to necrosis of a large underlying tumoi The patient 
in this case, like the one in case 3, might have suivived foi }eais after 
a radical removal of the tumors and postopei ative iriadiation had not the 
empyema supervened 

Case 6 — ^J R E, a white boy 8 years and 10 months of age, entered the 
hospital July 15, 1931 with a complaint of difficult} m breathing while swallowing 
and some dysphagia for two or three years He was alwavs w arm, e\ en when others 
were cold He had been nervous and irritable the past }ear as compared to 
former years Swelling of the glands on the right side of his neck had been noted 
by his mother for one day a year previouslv and had been thought to be mumps 

In December 1930 an enlargement of the thyroid was noted b} his grand- 
mother This had not changed up to the time of examination, according to his 
mother’s occasional measurements 

Physical examination on admission showed that the thyroid gland was about 
three times the normal size It was larger on the left and, though not adherent 
to the skin, was apparentl} fixed to the deep structures At the upper left pole 
was a nodule the size of a pecan, attached to the bodv of the lobe b\ a slender 
connection The gland was firm throughout and was nodular There was no 
apparent substernal extension All lymph chains in the neck showed enlarged 
glands from pea to walnut size, firm and discrete, but m a continuous chain 
The sternocleidomastoid muscle bulged laterally because of underl}ing nodes 

At this time the basal metabolism rate was 47 and 42 per cent Roentgen 
study of the chest showed diffuse mottling of the lung fields The patient was 
given roentgen therapv everv three weeks from Julv 1931 to Januarv 1932 
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On his reentry into the hospital, on June 6, physical examination showed 
essentially no change At operation, on June 9, a stony hard area was found in 
the left lobe of the thyroid gland, which appeared to be invading the trachea 
The left lobe and isthmus of the gland were resected, including a chain of 
aberrant nodes extending along the left neurovascular bundle The operative 
diagnosis was carcinoma 

Pathologic examination showed a umform picture (fig 10) 

The patient had a stormy postoperative convalescence, the temperature rising to 
39 2 C (103 1 F ) on one occasion 

Roentgenograms of the chest taken September 17 showed that the lung fields 
were uniformly mottled from apexes to bases These pictures when compared 



Fig 10 (case 6) — Photomicrograph (x 120) of tissue removed from 
This IS a typical picture of the Langhans proliferating goiter an was 
in all specimens from the thyroid gland and the lateral aberrant c am 


with those of 1931 and June 1932 showed that the mottling was s ig ^^ellbv 
The roentgenologist concluded that such a picture could be produced 
miliary tuberculosis or miliary carcinomatosis In either case, the c mi 
ment seemed to be extremelj slow , 

On December 27 the boy appeared to be perfectly well and Itee o 
The basal metabolic rate was +16 5 per cent The von Pirquet 
negativ e for human and bovine tuberculosis The roentgen findings v 
tialh the same as of the last examination The pos'ibb 

lack of progression m the process would seem to point to diffuse 
on a tuberculous basis, although carcinoma could still not be rule 
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Roentgen examination on April 12, 1933 showed the lesions in the lungs to be 
slightl} larger, and on August 16 a further increase in size of the nodules, especially 
at the base of the right lung, was noted On Jan 16, 1934, the basal metabolic 
rate was +13 5 per cent, and roentgen examination show’ed the lungs much the 
same as at the last examination A calcified gland could be seen to the left of 
the thjroid cartilage, w’hich suggested an old tuberculous lesion On September 
2 the basal metabolic rate was + 2 per cent, and roentgen examination showed no 
change The von Pirquet reactions were still negative, and the boy appeared to 
be in excellent health 

He remained w'ell until June 15, 1936, when he entered the hospital with a 
complaint of malaise, fatigue, anorexia and night sweats of four weeks’ duration 
He had had a fever for two weeks At this time his reaction to tuberculin was 
4 plus in twentj-four hours for human and bovine antigens A guinea pig test 
and a stain for acid-fast bacilli gave negative results Not enough change could 
be seen in the tlioraac film to make sure that it was different from the last 
examination His s>mptoms subsided promptly on rest 

In March 1937 the basal metabolic rate was + 63 per cent Roentgen examina- 
tion of the chest showed no essential change Cutaneous tests for coccidioides 
gave negative results 

On August 23 the basal metabolic rate was + 8 per cent, and roentgen examina- 
tion showed the nodules in the lungs apparently no larger than the proportionate 
increase in size of the patient would warrant 

On July 6, 1938 the boy was healthy and apparently normal Roentgen 
examination showed no change in the pulmonary condition 

At the time of his last examination, on July 31, 1939, the thoracic film was 
unchanged (fig 11), the basal metabolic rate was — 10 per cent and nodules could 
be palpated along both sternocleidomastoid muscles 

Biopsy of material from a palpable node in the left side of the neck showed 
no tumor tissue or tuberculosis 

Comment — This case has many interesting and contradictoiy fea- 
tures In the first place, a toxic nodular goiter giving rise to a basal 
metabolic rate of 50 per cent is very rare m an adult and unique, in 
my experience, m an 8 year old child Roentgenograms of the chest 
showed a diffuse mottling one year before the operation, and this con- 
dition progressed slowly up to 1934, two years after the operation 
During all this period his reactions to tuberculin remained negative In 
January 1934 calcification was noted by roentgen study in the recurrent 
or persistent nodules m the neck, with a still negative reaction to tuber- 
culin in September of that year Suddenly, in June 1936, with fever 
and symptoms of tuberculosis, the child gave strongly positive reactions 
to human and bovine tuberculin, but there were no progressive changes 
m the lungs If the roentgen findings were due to miliary carcinoma- 
tosis, the condition should have continued to progress , if they were due 
to tuberculosis they should hav^e flared up with the acute infection The 
fact that the lesions in the chest have remained dormant or progressed 
' cry slowl}^ is still not proof against their malignant nature, as Kennedy * 

4 Kennedj, R L J Carcinoma of the Thjroid Gland in Children, J Pediat 
631-650, 1935 , personal communication to the author 
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reported a case in which a patient 10 years old survived seven years 
after the first roentgenograms showed pulmonaiy metastases Through 
a personal communication it was learned that this patient finally died, 
ten years after roentgen evidence of pulmonary metastases was first 
shown Except for the microscopic picture this case and Kennedy’s 
are almost identical, even to the appearance of calcification in the 
cervical nodes 

The microscopic pattern of the tumors (fig 10) in this case was 
that of the Langhans proliferating adenoma and nowhere showed the 
papillary design This type of growth, when seen in adults, is prone to 
spread by invasion of the blood vessels I have considered this tumor 



Fig 11 (case 6) — Films of the chest taken July 31, 1939 The diffuse mottling 
present has progressed only slightly since its discovery m 1931 


malignant because of the tracheal invasion found at operation, the 
scopic invasion of the tltyroid tissue and capsule in both thyroid an 
lateral tumors and, finally^ what I feel to be metastases to the u^?^ 
Despite this last finding, the degree of malignancy" must be low to 
permitted survival for eight y^ears and apparently continued lea 
the patient up to the present time 

Case 7 — I H, a white woman 43 jears of age, was first seen Oct 
She stated that two w'eeks after the birth of a child on Juh 12, 19-^ 
noticed a lump on the right side of the neck, which steadih increase 
the original size She felt an occasional dull pain in the mass and alpated 
on pressure She had a grating sensation in her ear when the mass w 
With her pregnancj she lost in w eight from 200 pounds (90 7 Fg ) to 
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(77 1 Kg ) and had remained the same since Nervousness and irritability had 
been present for one jear and menorrhagia for the past six months 

Physical examination revealed a large lobulated mass under the upper end of 
the right sternocleidomastoid muscle, four isolated nodules lateral to its lower end 
and a nodular enlargement of the right lobe of the thyroid gland The preoperative 
diagnosis lay between branchial cysts and adenomas of the thyroid gland with 
tumors of lateral aberrant th 3 roid tissue 

At operation, Oct 30, 1929, a diagnosis of malignant tumor was made Multiple 
nodules w'ere removed from the right lobe of the thyroid gland, and one large and 
a number of small partly cystic nodules were removed from the area of the carotid 
sheath On pathologic examination all showed the same picture, which was diag- 



Fig 12 (case 7) — Photomicrograph (X 45) of a specimen removed from 
I H This papillarj pattern w'as present in all nodules 


nosed as papillary adenocarcinoma with metastases to the regional lymph nodes 
Postoperatively the patient received roentgen therapy, 3,000 roentgen units to the 
neck m weekly treatments from Dec 5, 1929, to June 4, 1930 She had had no 
signs of recurrence up to !May 29, 1939 

Commejit — ^This is appaiently a typical instance of lateral aberrant 
thyroid tumors with a similar type of growth located m the thyroid 
gland I cannot agiee with the pathologic diagnosis, tvhich called the 
lateral tumors metastases in the neighboring lymph nodes, but think 
the process originated laterally and medially at about the same time, 
probably owing to the endocrine demands of pregnancy The micro- 
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scopic picture is typical of the papillary cystadenoma so frequently seen 
in lateral cervical deposits (fig 12) The tumor has been placed in the 
mahgnant group because areas of invasion of the blood vessels and of 
the capsule weie seen on microscopic examination The tumor was of a 
very low grade of malignancy, as was shown b} its almost pure papillary 
form and the ten year period of freedom from recurrence after excision 
and roentgen theiapy 

Case 8 — A S , a white man 21 years of age, was first seen on March 30, 
1936 He stated that he bad been well till one jear previously, when he had 
noticed a soft, nontender mass lateral to the outer border of the lower end of tiie 



Fig 13 (case 8) — Photomicrograph (X 120) of tissue removed 
Thyroid alveoli are seen in a stroma of Ijmphoid tissue embedded in t e w 
the cvstic mass 


right sternocleidomastoid muscle No symptoms uere evident Two months 
oush the first mass had begun to grow, and a second had appeared me la 
During this time he had noticed slight discomfort in the region, but no^ 
pain Three weeks before consulting me he had definite pain, tenderness 
ness extending up toward the ear after a hard dav’s work This disappc 
following da> He had consulted his local phssician a week prcMOUsb ^ 
Physical examination on the da-v of his first visit showed a mass 4 
which appeared to be a thick-walled cvst, questionably fluctuant, with an e 
beneath the sternocleidomastoid muscle, toward the midline There was 
of the mass with swallowing The thjroid was not palpable 
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At operation, on March 31, a lateral cystic tumor with a medial extension 
was found lying beneath the sternocleidomastoid muscle, anterior to the carotid 
sheath Nowhere was the tumor in contact with the thyroid gland, being separated 
from It by the ribbon muscles It was easily removed and not adherent or infil- 
trating It was considered at operation to be a benign papillary adenoma 

On pathologic examination the mass was seen to be grossly an empty sac 
8 by 6 cm m diameter, covered bj a smooth capsule Microscopic examination 
showed epithelium extending into the cyst wall In one area a lymph node showed 
a few isolated acini buried deep in the substance of the node Difference of opinion 
as to the presence of malignancy was expressed by a number of pathologists who 
examined the specimen The microscopic sections are shown in figure 13 

Because of the indications of malignancy, postoperative roentgen therapy (2,500 
roentgen units) was given to two fields from March 31 to April 14 

The patient had remained well without signs of recurrence up to April 1, 1939 

Comment — This was an aberrant thyroid tissue tumoi of faiily short 
duration which suddenly began to increase rapidly in size The cystic 
form would have led one to expect the common papillary cystadenoma 
pattern Instead, one found what presumably was a cystic condition 
brought about by rapid seci etion of material by iiumei ous alveolai struc- 
tures embedded in a loose fibi ous and tymphoid sti oma There was no 
tendency to papilla formation This tumor has been deemed malignant 
because the microscopic picture was so t)'pical of adenocaicinoma meta- 
static in lymph nodes There is, however, alwa} s a dangei of ei i oi m 
basing a diagnosis of malignancy on microscopic criteria alone m tumoi s 
of thyroid origin 

Case 9 — J H M , a white man 45 years of age, entered the hospital, m the 
medical service, on July 5, 1921, with a complaint of dysentery and weakness 
He had a past history of syphilitic infection, inadequately treated, at the age of 
24 On the present examination the Wassermann reaction was 3 plus He had 
lost 20 pounds (9 Kg ) during his present illness 

He had had masses in his neck for the past fifteen vears These had grown 
slowly up to SIX years previously, since when they had apparentlv remained 
stationarv 

Physical examination showed three separate tumor masses, unconnected with 
each other One occupied the right lobe of the thyroid and moved with sw'allow- 
mg It was a firm, single mass but apparently was not adherent to surrounding 
tissues The lateral masses were separate from the central mass and were located 
above the right clavicle, the larger being 8 bj' 4 cm , roughly egg shaped, soft 
and freely movable There was a small nodule of the same consistency just 
above it 

These masses remained unchanged by three weeks of intensive antisyphilitic 
therapy Gastrointestinal roentgenograms were normal 

At operation, on July 22, what appeared to be an adenoma w'as shelled out of 
the right lobe of the thyroid gland It measured 6 cm in diameter Separate 
masses, one 6 cm in diameter, spherical, and one 1 5 bj 2 cm in diameter, w ere 
removed from above the right clavicle There were no signs of infiltration, there 
"as no connection between the median and the lateral nodules 
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Although a pathologic examination vas made, no diagnosis ^^as reported 
The patient v as known to be well one jear later but died ol gastric hemorrhage 
m another hospital Juh 8, 1924, three jears after the operation Autopsy was not 
perrormed 

Comment — Chnicall} this was a typical case of aberrant thyroid 
tumor V ith a similar tumor in the thjroid gland The condition tvas so 
diagnosed in the clinical history When the pathologic material was 
renewed, no sign of papillary pattern was discotered The nodule from 
the tlnroid and the lateral nodules showed the same picture (fig 14 A) 
The remarkable feature common to all the specimens w'as massive inva- 
sion of man} of the large blood vessels bj tumor tissue (fig 14, B 
and C ) Although apparently none of the tumors had invaded or pene- 
trated their capsules, each showed penetration of the blood vessels and 
tumor thrombosis This is common m malignant adenomas but rare 
m tumors of lateral aberrant origin On the other hand, it is also rare 
for metastasizing mahgnant adenomas to show deposits in the cervical 
Kmph nodes One may therefore assume that the lateral tumors and the 
midline adenoma appeared at approximately the same time and became 
malignant at approximatclj the same time I feel also that it is likely 
that the hemorrhage from which the patient died was due to metastases 
in the mtestinal tract and not to a bleeding ulcer, which was certainly 
not demonstrable hy the roentgen studies made at the time of operation 

C*SE 10 — X, a vhite woman 29 jears of age, vas first seen Aug 10, 1936 
About three jears prcviouslj she had noticed, on turning her head, a lump just 
bdov the angle of the left jaw This gave no trouble except an occasional ache 
m the nodule A fev months previously she had noted a similar nodule below 
the original one Both had grown graduallj, and the second one had ached a bit 
more than the first 

On phjsical e<amination three masses were palpable under the left sterno- 
cleidomastoid muscle, the upper one, at the angle of the jav , v’as 3 cm in 
diameter, the middle one vas 2 cm m diameter and the lower one, located at the 
lov er end oi the muscle, v as the size of a lima bean All were deep to the 
sfemocle-idomastoid muscle The upper tvo were tender, the lower one was not 
Xone moied on swallowing, and all seemed attached to muscle The thyroid gland 
>’•^5 palpable but v as not considered pathologic 

The preoperatne diagnosis vas enlargement of the cerwcal glands, of ques- 
tionable cause 

At operation, on August 11, tvo masses were removed and diagnosed as 
aberrant thj roid tissue Other, smaller masses v ere seen lower in the neck but 
were not removed Pathologic etamination showed the specimen to consist of 
tvo veil encapsulated nodular pieces oi firm mellow tissue Microscopicallj the 
nodules v ere v ell e-ncapsulated and show ed numerous small acini Strands oi 
fibrous tissue coursed through the section, but no pattern v as maintained Mitoses 
V ere rare. The pathologic diagnosis v as aberrant th\ roid tissue 

The patient was seen again on Sept 13, 1937, at which time it was noted that 
seicral masses seen after the first operation had groim graduallj, especiallj the 
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one low under the sternocleidomastoid muscle, noted during the first operation 
There were no symptoms Physical examination revealed four nodules, three 
outside the thvroid gland and one in the isthmus 

Operation, on September 14, consisted of removal of all lateral masses and a 
partial left thyroid lobectomv', the lobe containing a number of small nodules 



Fig 15 (case 10) — Photomicrograph of a specimen removed 
A, area of capsular invasion bv papillarj tumor (X 45) , B, area m w 
pattern predominates (x 120) 

'Jhrce ni3 

Pathologic examination ot the specimens gave the following results several 

of tissue were present and were labeled A, B and C A consis ^ ^ 

masses of thvroid-like tissue, two 4 5 bv 2 b^ 1 cm , the others 2 ' Or' 

all together weighing 25 Gm The smaller pieces looked like unidentifi'^^ 

ot the larger pieces was encapsulated B consisted of two sm ^ello’' 

masses of fibroiattv tissue C consisted of a rounded mass of mow 
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tissue, 2 cm m diameter, which was verj cellular and was attached to a smaller 
mass 1 cm in diameter Together the masses weighed 2 Gm 

On microscopic examination the sections showed masses of thyroid tissue, 
irregularly formed Most of the cells were arranged in small acini containing 
little or no colloid, but many were without such an arrangement The smallest 
had no lumens whatever , the cells in most areas were low columnar and had a 
feathery appearance Many large Ijmphoid follicles were present One such area 
appeared to have been a lymph node but contained a considerable amount of 
thyroid tissue No vessels were seen to contain thyroid cells 

One section (fig 15 A) showed extensive invasion of a thick capsule by thyroid 
tissue w'hich assumed a papillarj pattern in some areas The cells here were 
cuboidal and had the usual small round nucleus How^ever, several nucleoli were 
very dark No definite mitoses were seen 

The pathologic diagnosis was aberrant adenomatous thyioid tissue, micro- 
scopically benign 

By May 1939 a new nodule was noted above the inner end of the left clavicle 
The patient entered the hospital, and this nodule was removed on August 10 
The mass was entirely encapsulated, showed no gross signs of infiltration and 
W'as easily removed On pathologic examination it showed a picture similar to 
that ot the tumors removed at previous operations There were no indications 
of invasion of the blood vessels 

Comment — This was a rather typical case of lateral aberrant thyroid 
disease, with papillary tumors in the thyroid gland similar to those found 
laterally I have placed the tumor m the malignant gioup because of 
the high proportion of the growth in which the alveolai pattein was 
predominant and because of the extensive capsular invasion shown in 
one of the nodules described (fig 15 A) Another leasoii foi leaning 
toward the diagnosis of malignancy was the tendency to repeated recur- 
rence Again it is worthy of emphasis that microscopic criteria alone 
may lead one astray in the determination of malignancy and that 
repeated recurrence does not preclude benignancj in lateial thyroid 
tumors Still, when two such factors are piesent a reasonable piesump- 
tion of malignancy seems justifiable 

Case 11 — C L B was a white girl Her maternal grandmother, two aunts, 
mother and father had had goiters She was born Dec 30, 1932, and was seen 
at two to three month intervals by her piediatrician On Jan 21, 1936, when she 
was 3 jears and 1 month of age, the left lobe of the thyroid was noted to be the 
size of a silver dollar, and a palpable chain of distinctly enlarged cervical nodes 
was present From June 1936 to April 1937 there was rapid growth in all nodules 
On April 2 one of the largest, on the left side, was removed 
Pathologic examination (fig 16) revealed papillarv adenocarcinoma of aberrant 
thvroid tissue 

Many large nodules remained throughout the neck (fig 17) 

From April 10 to Mav 13, roentgen therapj, 900 roentgen units to four 10 
cm fields, anterior, posterior and left and right lateral (with overlapping of 
fields), vvas given She had a uniform ervthema to the point of desquamation and 
internal reaction enough to cause soreness of the throat, drv ness and pain on 
sw allow mg 



Fig 16 (case 11) — Photomicrograph (X45) of the papillary cysta 
cmoma removed from C L B This picture was uniform throughout t e no 
removed, and was probably present in the nodules not remoied 



Fig 17 (case 11) — Appearance of C L B after renio\al of a 
men but before recening roentgen therapy 
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The child remained well, and the nodules decreased in size giadually till 
March 2, 1938 

She was gi\en thyroid substance, beginning December IS She received 
% gram (0015 Gm) daily till November 1938, when the dose was raised to 
grain (0 03 Gm) daily 

On June 1, 1939, two of the nodules had increased slightly in size, and the 
others had either decreased or remained stationary The dose of thyroid was 
then increased to 1 gram (0 06 Gm ) daily and is being raised gradually to a 
tolerance dose 

Comment — This is the youngest patient I have seen with this con- 
dition She was examined at regular intervals from birth by her 
pediatrician, and the first notation of disturbance of the thyioid, at the 
age of 3 years and 1 month, dates the onset definitely within two months 
of this time The appearance of numerous nodules and their rapid 
progression in the following year suggest an unusual demand for thyroid 
secretion as the underlying stimulus At the time operation was decided 
on, involvement of the neck was so general as to make an attempt at 
complete excision too formidable a procedure (fig 17) The material 
obtained by biopsy showed a uniform papillary cystadenoma type of 
growth (fig 16) No mitotic figures were evident, and invasion of the 
blood vessels could not be demonstrated, but the tumor capsule was 
found to be invaded almost to its outer surface by fingei-like piotrusions 
of tumor tissue showing an alveolar pattern Because of this the process 
was considered malignant Here again the criteria of malignancy were 
meager and were based on microscopic observations alone 

The tumors were caiefully measured and diagramed before loent- 
gen therapy was given, and there was apparent a fairly uniform decrease 
in the size of these over a penod of months During this time, however, 
some other nodules, not previously noted, appeared, and on the last 
examination, two years after removal of biopsy material and irradiation, 
there was a slight increase in size of a number of tumors Dunhill has 
reported 2 cases of tumors originating in childien aged 5 and 9 years 
which recurred repeatedly despite multiple excisions and irradiation and 
which disappeared on administration of fairty laige amounts of tltyroid 
substance Although he did not deny the existence of malignancy in 
these tumors, he suggested that lateral abeirant th)woid tissue, because 
of Its probably dilTerent embr)mnic origin, responds to the stimulus of 
secretor}'- deficiency in a different way from the midline thyroid, becom- 
mg papilliferous rather than h 3 'perplastic The child in m)'^ case is being 
given increasing doses of thvroid substance at piesent, and the results 
are being closely obseived 

5 Dunhill, T The Surgerv of the Th\roid Gland Tr M Soc London 
GO 234-282 1937 
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Case 12 — C P , a white man 30 \ ears of age, noted a small nodule m the 
middle of the left side of the neck two and one-half jears before his first visit 
to the hospital Six months earlier he had observed growth in the first nodule 
and the appearance of other hard nodules, below the first and low in the midhne 
On Aug 25, 1938, phjsical examination show'ed five firm nodules from 5 5 
to 2 cm in diameter along the course of the left sternocleidomastoid muscle 
Thev were not matted or adherent to surrounding tissue The largest lay at the 
le\el of the hjoid bone, the others extending along the sternocleidomastoid 
muscle to the suprasternal notch 

This patient was seen one month after biopsy and again two months later 
The masses remaining in the neck had increased in size, and at the last examina- 
tion a new mass was noted abo\e the left cla\icle Complete removal of the 
tumors was ad\ised, and the patient plans to have this done at an early date 

Comment — Fiom a clinical point of view, this was a typical instance 
of disease of lateral aberrant thyroid tissue No tumors were palpable 
in the thyroid gland at the last examination The case departs from the 
t 3 fpical in the fact that the tumor was not piedominantly papillary For 
the most pait it showed a picture of the Langhans prohfeiating ade- 
noma, with large sheets of cells of uniform type, packed together In 
some areas a definite alveolar pattern w'as assumed, and the alveoli 
contained deep-staining colloid In only one area was a tiue papillary 
design noted (fig 18) 

If I am correct in placing this tumor m the class of Langhans pro- 
liferating goiter, It can be expected to recur many times and remain 
benign or of a veiy low degree of malignancy till the patient reaches 
the “cancer age,” at which time it may w'ell take on the characteristics 
of an invasive growth and metastasize by w'ay of the blood stream 
Bircher® showed that such tuinois are malignant in children and young 
adults only in that they tend to lecur many times The same type of 
growth in patients in the fourth decade and older shows its malignancy 
bv invading blood vessels and metastasizing widely De Quervam ' sug- 
gested that the repeated recurrences seen in young persons are not true 
lecurrences but the responses of other areas to the same stimulus w'hich 
caused the original neoplasm 

Case 13 — kl B, an Italian ivoman 42 years of age, entered the hospital on 
May 3, 1933, for biopsi of a cervical tumor With the region under local 
anesthesia a tumor w^as removed from the left superior carotid triangle, just 
posterior to the hjoid bone It was a spherical, bluish tumor resembling an 
adenoma of the thvroid, which appeared to arise from the carotid sheath and 
wa^ firmh attached to the surrounding tissue The tumor was torn on removal 
and seemed to have a downward extension along the carotid sheath 

6 Bircher, E Beitrage zur Kropffrage, die wuchernde Struma Langhans, 
Bcitr 2 khn Chir 139 383-420, 1927 

' de Quervam F Zur Kenntnis der vvuchernden Struma nach Langhans 
m Verhandlungsbencht der zweiten mternationalen Kropfkonfereiiz August 1933 
Berne, Verlag Hans Huber, 1935, pp 650-675 
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The pathologic diagnosis was adenoma of the thyroid gland, of adult pattern 
On reentry into the hospital on June 12, 1933, the patient ga\e a histon of 
having first noticed a painless nodule in the left side of the neck which had 
gradually increased to the present size without S3mptoms o\er a period of si\ 
j^ears The first nodule had appeared after a tonsillectomy She had lost 10 
pounds (4 1 Kg ) in the past year 

Physical examination revealed no abnormalitj except the cervical condition, 
a palpable spleen and a slightly enlarged Iner There were two scars in the 
neck, a large one below' the ear resulting from excision of a furuncle in child 
hood, the second from the recent removal of material for biopsy A chain of 
nodules extended dow'nw'ard irom the angle of the jaw', along the sternocleido 



Fig 19 (case 13) — Photomicrograph (X45) of the heterogen 
seen in the specimens removed from M B Papillarj areas sue i 
here were extremelj' infrequent 


mastoid muscle The low'crmost mass appeared to be m the upper 
thiroid gland side oi 

Roentgen examination show'ed a series of calcified nodules m thuo>'^ 

the neck and one just below the angle of the right jaw The tuberculou 

w'as also radiopaque The roentgen diagnosis was 

cenical adenitis and small calciFing adenoma of the tlnroi n jinroid 

The preoperatne clinical diagnosis was nontoxic adenoma 
gland w'lth lateral aberrant th\ roid adenomas , jj,;. ii!<d 

At operation, on June 13, a small nodule, 0 5 b% 1 cm , was ° jq tie a 

line, incorporated in the deep cerMcal fascia Frozen section s 
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fetal tjpe of adenoma The left lobe of the thyroid gland was found to be 
replaced by two multilocular cystic masses, the lower hugging the trachea pos- 
tenorlj and measuring 3 by S cm The upper nodule was one and one-half 
times the size of a normal lobe of the thyroid gland Both were friable, vascular 
and filled with black fluid The right side of the neck was normal Three other 
masses were removed from behind the left sternocleidomastoid muscle, one, 3 by 
3 cm , through the thj roidectomj wound and two others through a postmandibular 
incision Postoperatively the left vocal cord was found to be paralyzed 

At pathologic examination the tissue was diagnosed as multiple large and 
small thyroid adenomas of adult pattern (fig 19) 

One nodule remained, under the auricle of the left ear This increased in size, 
and the patient reentered the hospital December 4, at which time this mass was 
removed and diagnosed by pathologic examination as aberrant thyroid tissue 
showing scarring, calcification and an approach to ossification The patient had 
gained 11 pounds (5 Kg) since the last operation 

On Nov 21, 1934, a small nodule was noted above the left clavicle, which 
remained apparently unchanged till June 24, 1936 The patient was not seen 
after this date until Aug 30, 1939, at which time she had menopausal symptoms 
and a mechanical disturbance of the lower part of the back, but the mass above 
the left clavicle had not changed in size or appearance and was symptomless 

Comment — This apparently was a ratlier typical case of abenant 
thyroid disease The association of lateral masses with similar tumors 
in the thyroid gland is not unusual Despite the persistence or repeated 
recurrences of the disease, I have placed the growth in the group of 
benign tumors because of the lack of indications of malignancy in the 
microscopic picture and because the complete encapsulation of all the 
tumors denied a tendenc> to infiltration of surrounding tissues I feel 
that the existing mass above the leit clavicle should be removed as 
a prophylactic measure, in spite of its apparent dormancy There is 
still a threat of malignancy in the wdiole situation which could be 
expressed in beginning growth and infiltration of the existing mass 
or the appearance and growth of othei masses 

Case 14— J W C, a 68 year old white man, first consulted me on Aug 
6, 1933 He had a goiter of at least twenty years’ duration, which had gradually 
enlarged to its present size without symptoms His father had had a goiter for 
manj jears when he died at the age of 88 from an accident His mother had 
died after an operation on the breast, presumably for cancer The remainder of 
his familj historj was not pertinent 

At operation, on Aug 7, 1933, a large, solid, fairly soft tumor was removed 
from the left lobe of the thjroid There was a calcified posterior shell to this 
tumor The pathologic diagnosis made was beginning degeneration m large 
and small adenomas of fetal tvpe For the most part the picture (fig 20^) 
showed a rather compact cellular design, such as is commonlj seen in fetal 
thjroid glands, with a few alveoli which did not contain stamablc colloid 

The patient was seen again July 23, complaining of a mass in the left side of 
the neck This nodule, under the lobe of the left car, had appeared recentl> It 
'vas a freelj mobile tumor mass 3 cm in diameter \ftcr administration of 
compound solution of iodine for a few weeks it seemed to decrease to about half 
its lormcr size When iodine was discontinued it again enlarged 



638 


ARCHIVES OF SURGERY 


By May 1935 operative removal was advised because the tumor had continued 
to grow At this time physical examination gave negative results except for a 
firm, smooth, spherical, freely movable mass lateral to the left sternocleidomastoid 
muscle, just below the angle of the jaw The preoperative diagnosis was lateral 
aberrant thvwoid, and on Mav 3 the growth v\ as remov ed At this operation a 
seniicystic mass 5 cm in diameter was excised through an incision which split 
the fibers of the sternocleidomastoid muscle near its midportion The capsule 
of the tumor was tom during removal, and polvpoid tissue w'as expressed The 



Fig 20 (case 14) — Photomicrographs of specimens removed froni ■■ 

A, section of the original tumor of the thjroid gland (X 120) . B, sec i 
lateral nodule remov^ed tw^o years later (x 120) Note the similarit' 
and the absence of the papillary design 

pedicle was apparentl} attached to the prevertebral fascia, wa 

signs of infiltration past the capsule The microscopic picture ( carh't 

similar to that of the original tumor of the th>roid removed two v^ junior^ 
Follow-ups of this patient revealed no ill health and no he 

of which the patient was aware However, in connection with tiis jQfahrC 

examined on Juh 27, 1939, and a small, bosselated mass was o^ ctern"^ 

in bulk the size of a lima bean, hard and attached deepl> under 
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cleidomastoid muscle at the site of the former aberrant thyroid tumor The 
patient was unaware of its existence The thyroid area showed no signs of recur- 
rent tumor Whether this represents scar tissue or a new nodule of tumor which 
will continue to grow cannot now be ascertained There is no note of its having 
been present on previous examination 

Comment — ^Tliis is an instance of the development of a lateral 
aberrant thyroid tumor one year aftei removal of a large, benign, non- 
papillary nodular goiter Its development would suggest a lesponse of a 
laterally placed embryonic rest to the physiologic demand for thyioid 
secretion The apparent decrease in size of the tumor on administiation 
of iodine is interesting, as no such effect is to be anticipated with either 
papillary or fetal adenomas of the thyioid gland proper The tumor 
was placed m the benign group because of the lack of microscopic or 
gross evidence of malignancy, but the appearance of the recent nodule 
again raises the question of malignancj 

Case IS — R B, a white woman 35 years of age, was first seen on May 11, 
1929 She complained of a small single lump in the left side of the neck, noted 
eight months previously On examination this \sas found to be a single spherical 
nodule 25 cm m diameter, apparently not attached to or infiltrating surrounding 
tissue Observation was advised 

The patient was seen again on March 29, 1934 The mass had increased to 
7 5 by 3 cm in size and was palpable under the anterior border of the sterno- 
cleidomastoid muscle, at the level of the hyoid bone The mass was freely movable 
upward but less so downward The thyroid gland appeared normal 

Operation was performed on June 17, 1934, with the region under local anes- 
thesia A single semicystic mass lying on the carotid sheath was removed, together 
with a neighboring lymph node The mass was completely encapsulated, with 
no signs of infiltration 

The pathologic diagnosis was benign papillary adenoma of aberrant thyroid 
tissue The lymph node showed no tumor tissue 

The patient was seen in June 1939 and was entirelv well, without evidence 
of recurrence 

Comment — This was a typical instance of papillary cystadenoma of 
lateral aberrant thyroid tissue except for the fact that the tumor was 
solitary instead of multiple If the picture had been exclusnelv that 
of figure 21 A, the condition might be thought to have been caused by 
metastatic deposits of papillaiy' adenocai cmoma m a cervical lymph node 
The gross findings and the microscopic pattern shown m figure 21 B, 
however, lead one to the diagnosis of benign tumor The fact that for 
fi'e years the patient has been free from recurience or the appearance 
of other tumois lends yveight to the diagnosis of a benign condition 

CRITERIA or MALIGNAXCV 

The most difficult pioblem in connection with tumors of lateral 
aberrant thjioid tissue is the determination ot malignancy This is true 
also of thyioid tumors in general, and the same criteria have been 
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Fig 21 (case 15) — Photomicrographs of specimen removed from 
(X 120) A, section from the capsule of the nodule in v\hich tumor 
be seen in aheolar formation and in patternless sheets embedded m a ' 
stroma, B, papillarj pattern Upical of that part of the tumor vhich pro 
into the lumen of the c^ st 


]]'ARD~THYR01D TUMORS 


641 


applied to both classes of tumois® In tlie papillaiy tumois theie is 
little to indicate that one is malignant and anothei benign Moiitz and 
Bayless,® deteiinined mahgnanc} b}'- the piescnce of invasive qualities 
in the growth If niicioscopic evidence of invasion of the capsule, blood 
vessels or Kinph nodes was piesent, the tumor nas consideied malignant 
Regional oi distant metastascs neie consideied gioss evidence of inalig- 
nanc} I have also used these findings as diagnostic signs of mahgnanc^ 
It must be emphasired, howeier, that multiple latcial tumois, whethei 
accompanied by similar tumois in the thvioid gland oi not, do not con- 
stitute evidence of malignancy per se and that the pi esence of 1> mphoid 
elements m lateial tumors docs not neccssaiih indicate that the} aie 
metastases to lymph nodes 

POSSIBLE CALSE OE THE DE\ELOPMENT OE LATERAL TUMORS 

Speculation on the cause of malignant tumois m geneial leads to the 
conclusion that the malignant cell is a bad brotbei of the benign cell 
of the same organ m vlnch the tumoi aiises The malignant cell has 
gone out of control, and, aftei it has been so for a few generations, it 
acquires certain characteiistics which help to distinguish it These chai- 
acteristics become know n to the pathologist and help him to discriminate 
between the malignant and the benign cells in tumoi s of every organ and 
part of the body In neoplasms of the thyroid gland this differentiation 
of malignant and benign cells is particulaily difficult — so difficult, in 
fact, that most observers requiie more than miscroscopic evidence of 
malignancy before classifying thyroid tumois as malignant It has been 
said by Wegelm,^® Graham and others that a distinction between non- 
malignancy and malignancy cannot be made from the character of the 
cells, the mitoses, the structure of the alveoli or the complete absence of 
acinar formation Many of the changes which wmuld bespeak malig- 
nancy in other organs are seen m the thyroid as a response to stimulation 
of the gland to greater activity Broders emphasized this by calling 

8 Ward, R Prognosis of Malignant Goiter in Relation to the Pathologic 
tTypes, West J Surg 47 437-448, 1939 

9 Moritz, A R , and Bayless, F Papilliferous Tumors of the Thyroid 
Gland and of Aberrant Thyroid Tissue, Am J Path 7 675-689, 1931, Lateral 
Cervical Tumors of Aberrant Thyroid Tissue, Arch Surg 24 1028-1043 (June) 
1932 

10 Wegehn, C Malignant Disease of the Thyroid Gland and Its Relationship 
to Goiter in Man and Animals, Cancer Rev 3 297-313, 1928 

11 Graham, A Malignant Epithelial Tumors of the Thyroid, Surg, Gynec 
S- Obst 39 781-790, 1924, Malignant Tumors of the Thvroid Epithelial Tjpes, 
Ann Surg 82 30-41, 1925 

12 Broders, A C Regenerative Hyperplasia m Exophthalmic Goiter A 
Condition Simulating Carcinoma, Virginia M Monthly 56 453-456, 1929 
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attention to a number of cases m which regenerative hyperplasia showed 
such a great lesemblance to carcinoma that a distinction behveen the 
two on purely microscopic grounds was almost impossible The response 
to stimulation is shown m the thyroid gland by hyperplasia, formation 
of new alveoli lined by active cells and containing little visible colloid, 
piling up of epithelium of the acini and, in extreme cases, formation of 
definite papilhferous outgrowths into the acinar lumen The dividing 
line between benign and malignant tumors of papillary structure is not 
shaip, and there is little evidence to show that this change from benig- 
nancy to malignancy is not a reversible process Marine and Lenhart ’’ 
pointed out that goiters which develop in brook trout as a result of 
overcrowding will infiltrate muscles, bones and other tissues, even 
extending to the gills, and that these tumors regress and disappear when 
the conditions leading to then appearance are withdrawn Gaylord and 
Maish^'* demonstiated occasional metastasis fiom these tumors It is 
true that the thyroid gland m this fish is not encapsulated, and Marine 
and Lenhart concluded that this infiltrative disease is not a true malig- 
nant tumor but a hyperplastic response to stimulation which disappears 
when the stimulus is removed They further noted, however, that 
some of the fish had true papillary tumors which did not disappear with 
resolution of the accompanying hyperplasia In the first instances the 
process was reversible and disappeared with removal of the inciting 
cause, while in the latter tumors, of papillary design, there w'as no 
response to the administration of iodine, and the goiters were considere 
by these investigators to be true benign neoplasms The process la 
leached an irreversible stage . 

There is considerable difference of opinion as to the origin of latera 
aberrant thyroid nodules W eller recently reported studies on human 

embryos which suggest strongly that the lateral anlages, which have t ei^ 
analogy in the ultimobranchial bodies of lower mammals, play an 
tant part in the foimation of the thyroid gland in man and that a ac o 
proper development and fusion with the midline anlage may be respon 
for thyroid deficiency in children d’Abreu gave further evi 
the lateral origin of the lobes of the thyroid gland b} reporting a o 
of tumor of a lateral aberrant thyroid tissue m which papillary 
tissue was associated with a branchiogenic cyst lined by columnar 

13 Marine, D, and Lenhart, C H Further Obsenations jpH 

on the So-Called Carcinoma of the Brook-Trout, J Exper Med 13 

14 Gaj lord, H R , and Marsh, M C Carcinoma of the Thi roi m ^ 

Fishes, Bulletin 32, United States Department of Commerce, Bureau o 

15 Weller, G L, Jr Incomplete Embrjologic De^elopment ot ^ ^ 

as a Factor in Infantile klyxedema, Tr Third Internal Goiter Con 

Stud> Goiter, 1938, pp 110-113 • 2 14^ 

16 d'Abreu, \ L Significance of Lateral Aberrant Th^rolds, an 
1408, 1935 
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epithelium It does not seem umcasonablc to assume tliat tins tissue, 
lia\mg a difteient primoidial oiigin, might lespond to ph}sioIogic stimu- 
lation III a mannei difterent liom that of the inidlinc th}ioid If lateral 
aberrant tlnroid tissue de\ clops fiom cinbr3onal lests, as i\as suggested 
b} Wegehn,^® its i espouse to stimulation maj be the foiination of papil- 
lari growths It the lactois causing stimulation are lemoicd oi altered 
the tumors maj regress, unless thc\ ba\e i cached an iiieveisible stage 
or unless the indnidual biologic factoi lesistant to cancel in the host is 
lacking The loss ot this assumed factoi maj explain the piogression to 
malignanc} in oldci persons, and the retention of it may account for the 
apparently benign course of main of these tumois m children In this 
connection, Dunhiirs report' of complete disappearance of lecuiient 
lateral tumors m 2 children on administration of laige doses of thyroid 
substance is interesting It w'ould encourage one to hope that the 
progression toward malignanc} might well be avcited m one of two 
wajs at different times of life If supphing tlnroid substance by mouth 
will eliminate the stimulus to Inpcrplasia and papilhferous change, it 
ma} be all that is required m the treatment of this condition m children 
In adults, howe\er, the danger that an incxersible change will take place 
or has alread\ taken place is too great to w'arrant less than complete 
remo\ al of all lateral tumors and the application of radiation as a post- 
operatne measure It may be found distinctlj' worth wdiile, moreover, 
to consider administration of thyroid substance to all of the adult 
patients, especiall) to those showing a thyroid deficiencj 

In this connection, case 90 w my series of malignant tumors of the 
midline is extremely interesting 

The patient was a W'lntc man, 25 years of age, w'ho consulted me first on 
June 9, 1938, complaining of a recurrent goiter which w’as gradually constricting 
his trachea to such an extent that he w'as unable to sleep m any position without 
choking His goiter had first been noticed m 1929, at the age of 16, and had 
been removed m March 1932 He was relieved of symptoms of pressure and 
was well until August 1936, the goiter then reappeared and grew until December, 
when a second thj roidectomy w'as performed At this time the surgeon felt that 
he had done an almost complete removal of all remaining tumor tissue, including 
luediastinal and retrotracheal extensions By May of the following year, however, 
the patient w'as aware of recurrence and felt that the goiter had grown continu- 
ously At the time of his visit to me he presented a classic picture of myxedema 
He had gained 23 pounds (10 Kg) m six months and weighed 231 pounds (104 
Hg ) He had a large, stony mass occupying the entire suprasternal and supra- 
clavicular areas The trachea was displaced to the right, and tissue could be felt 
to extend into the superior mediastinum The basal metabolic rate was — 32 
per cent A diagnosis of recurrent, malignant goiter with marked hypothyroidism 
was made, and he w-as given thyroid substance, 2 grains (012 Gm ) daily for 
uve weeks On Julj 18, 1938, a total thyroidectomy w'as performed, and, after 
an uneventful convalescence, roentgen therapy was administered to the neck 
anteriorly and posteriorly from July 25 to August 16 
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The specimen removed showed widely varied pathologic changes Areas 
were present representing colloid goiter, diffuse hyperplasia and microfollicular 
adenoma Finallv, there was a circumscribed nodule measuring not more than 
10 mm in diameter which showed a picture resembling that seen in malignant 
adenomas which have undergone a transformation into giant cell or poljmorphic 
cell carcinoma Figure 22 illustrates some of the pictures represented In some 
zones there were a few mitotic figures, but not many Invasion of blood lessels 
was not demonstiated In manv places deep in the capsule was obsened vhat 
appeared to be nonmalignant thyroid tissue None of these observations definitelj 



Fig 22 — Photomicrographs of specimens removed from Ij o . 
another series A, a small adenoma (X 5), B, a field within the D 

resembling polvmorphic cell carcinoma (X 75) , C, colloid goiter ( 
papilloma (x75), E, a microfollicular area (x 75) 

indicates malignancv, but, taken as a whole, with the histon of juctii 

rence accompanied by h) pothv roidism rather than hj perthv roidism,^^ goiter 3'’^ 
placing this goiter in the malignant categorv Whether the acln''*' 

the recurrences were brought about b 3 ' a demand for increased unM pj-cc"' 
of a handicapped gland and whether the process is reversible a ^ 
stage remain controversial points The patient has remained tlm in'' 

during the vear that has elapsed since his last operation 012 

has maintained normal metabolism with from 1 to 2 grams t 
of thvroid substance daih 
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SUMMARY 

Fifteen cases of tumor of lateral abenant thjroid tissue are leported, 
with photomicrographs showing the pathologic changes Twelve of these 
tumors I believe to be malignant, and 3, benign Reasons are presented 
for placing each growth tentatively in the benign oi the malignant group, 
but I feel that the dividing line between benign and malignant tumors 
of thyroid tissue is so indefinite that tunc and the eventual clinical result 
may or may not justify my judgment As time passes, the tendency will 
be for more tumors to fall into the malignant class, because each patient 
who succumbs to the disease will necessaiily be eliminated from the 
group of those with benign tumors, while those vho die of other causes 
w ill not necessarily be added to it 

Following the lead of Dunhill,'’ I believe it piobable that tumors of 
lateral aberrant thyroid tissue may aiise as a result of physiologic stimu- 
lation of misplaced embryonic rests and that elimination of the stimulus 
to their development may cause regression or even disappeaiance of the 
disease The tendency toward malignant change is so great, however, 
that I recommend immediate removal of all recognizable tumors and 
recurrent growths in adults and the use of radiation after operation 
Contrary to the opinion expressed by Crile,® I feel that loentgen therapy 
IS of definite value m controlling the giowth of some of the papillary 
tumors in this group, if not in causing their complete regression 

Statistical comparison of malignant tumors of lateral aberrant thy- 
roid tissue with those arising in the thyroid gland proper shows that the 
former are found in a younger age group, that they are more equallj 
distributed between the sexes and that the mortality rate is less than half 
as great Despite the more favorable mortality rate, howevei , the ratio 
of recurrence is high Only 4 of the 15 patients with either malignant or 
benign tumor have remained free of the disease after a single operative 
removal Billings and Paul in 1935 wrote that no deaths had been 
reported from papillary tumors arising in lateral aberrant thyroids 
Crile® in 1939 stated that metastases had never been proved as a cause 
of death In this series, 2 deaths from papillary tumors occurred, 1 of 
these from pulmonary metastases, and I believe that a third death was 
caused by metastases from a lateral nonpapillary tumor In view of these 
findings, I feel that a guarded prognosis should be given in similar cases 
and that more deaths will be found in the cases reported by other inves- 
tigators if a sufficiently long period of observation is maintained 

Members of the staff of the University of California Hospital permitted the 
study and reporting of 9 of the cases in this study 

17 Dunhill (footnotes 2 and 5) 

18 Bilhngs, A E, and Paul, J R Tumors of Lateral Aberrant Thyroids, 
Bull Ayer Clin Lab, Pennsylvania Hosp 9 27-44, 1925 
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REPORT OF A CASE 
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In recent years increasing prominence has been given to the fairly 
frequent occurience of plasma cell tumors of extramedullary origin 
The commonest situation for such tumors is in the nasal and naso 
pharyngeal mucosa and the associated ceivical structures, but their 
occurrence in a numbei of other regions, such as the lip, jaw, scalp and 
anus, has been recorded In the literature there appears to be no record 
of a plasmocytoma arising in the thyroid gland , consequently, the rarity 
of such a condition justifies a record of this case The interest of the 
particular plasma cell tumor to be described is not in its mere rant), 
however, but in the fact that it provides a clue linking the form o 
thyroid enlargement known as lymphadenoid goiter, or Riedel s chronic 
thyroiditis, with the extramedullary plasmocytomas 


REPORT OF CASF 

A childless married woman aged SO first noticed a swelling in the neck, m 

region of the thyroid gland, in January 1938 Prior to this date neither s e 

her relatives had observed anything abnormal in her neck There was no pa 

other physical disturbance at the onset of her illness The swelling slow 

steadily increased, and when she first was seen in the outpatient 

the Preston Royal Infirmary, April 1, her only complaint was of a sen 

of choking when she lay m bed with her neck extended 

Examination of the neck showed a swelling conforming in outline to 

of the thyroid gland It was firm to hard and moved slightly on deg 

was free from the overlying skin, which was slightly reddened and e gQ 

and It was also free from the sternocleidomastoid muscles The pulse rate 

1 here w'as no tremor of the hands There was no spastic retraction of t le P 

muscles and no exophthalmos The pupils w’ere normal The men 

patient and her general demeanor were those of a normal, unemo i 

The basal metabolic rate w as within normal limits Syphilis and tubercu 

excluded, and roentgen examination of the skeleton showed nothing 

Twent'v-one m.*** 

except a slightlj hazj area near the head of the right humerus ^ Rojal 

previouslv the left index finger had been amputated at the Man or 

Infirmary because it had become gradually swollen (without history 
infection) and she was informed that she might lose her arm j-ccord 

amputation there was no further relapse in her condition, the origi 
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which had been lost From the age of 36 she suffered from progressive osteo- 
arthritis in tlie knees and shoulder joints, and three years prior to this examination 
an arthrodesis was performed on the right knee joint Before the goiter first 
made its appearance she had noticed that her ^olce failed at times, but this had 
not occurred recently The mo\ements of the vocal cords were normal The 
only other ailment mentioned in her past history was nasal catarrh, for which 
she had undergone no operatn e treatment 1 here was no evidence of nasal polypi 

On April 5 a total thjToidectomj was performed wath the patient under anes- 
thesia induced with aaertin with amjlenc hjdrate, nitrogen monoxide and oxygen 
At operation it was obser\ed that the skin was edematous on section and that 
there was considerable matting of the superficial structures, suggesting an inflam- 
matory process The thjroid itself was grayish white It W'as uniformly enlarged 
and was firm to hard A section made into the isthmus confirmed these appear- 
ances and strongly suggested either a neoplasm or Riedel’s thyroiditis One point 
in the operation was particularly noteworthj, namely, the separation of the posterior 
aspect of the gland from the surface of the trachea, which gave one the impression 
of cutting through a laaer of homogeneous tissue, an impression \erj' different from 
that obtained with the usual types of goiter We have noticed the same condition 
in sarcoma of the thyroid and in chronic thyroiditis After the operation the 
neck healed in the normal way, but a diffuse thickening appeared under the region 
of the scar and suggested extensue and rapid cellular infiltration High voltage 
roentgen therapy w'as gnen The swelling disappeared, and the scar became 
supple The neck presented a normal appearance, and this has remained up to 
the time of writing (July 1939) On reexamination (March 23, 1939) the pulse 
rate was 76 There w’ere no signs of myxedema The patient was mentally alert 
but not excitable There was no abnormality m the region of the thyroid, the 
only disability being the chrome osteoarthritis Since the thyroidectomy a main- 
tenance dose of thyroid substance has been given daily 

Histologic Picture — The samples received for histologic study were two portions 
of thyroid gland, measuring respectively 20 by 40 by 70 mm and 20 by 40 by 40 
mm The outer surface was nodular, wuth a thin intact capsule showing prominent 
veins The surfaces of serial slices were uniform, firm but not hard, and faint 
yellow They were marked by a few small hemorrhagic areas close to the capsule 
The appearance suggested a large lymphatic node invaded by neoplasm There 
was no resemblance to thjroid tissue The consistency was not that observed 
in the sclerotic stage of Riedel’s chronic thyroiditis 

Five slices were taken for histologic study, representing an area of 100 by 50 
mm , after fixation m solution of formaldehyde U S P diluted 1 to 10 with 
saline solution, paraffin sections were stained with hemalum and eosm and with 
methyl green-pyronine (Unna-Pappenheim) 

The greater part of all the sections was made up exclusively of plasma cells 
The outline of the cells was distorted by packing but retained the typical nuclear 
design of chromatin (figs 1 and 2) Normal lobules of thyroid gland were absent, 
but in most fields there were isolated acini, widely spaced among sheets of plasma 
cells (figs 3 and 4) The acini lacked the features of hyperplasia Where they 
were less packed the plasma cells showed the typical piriform, oval or circular 
outline with eccentric nuclei 

Specific staining with methyl green-pyronine was vivid and uniform Sclerosis 
and prominent fibrosis were absent, but there were thin interstitial septums bounding 
arge areas of plasma cells and invaded by them At a few points the septums 
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Fig 4 — Part of the section shown in figure 3, X SSO 
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were infiltrated by small round cells Mitotic nuclei of plasma cells were moderateh 
plentiful , the proliferation of outlying areas suggested the low malignancj of a 
neoplasm rather than a reaction of inflammatory cells Three debatable lymphoid 
nodes and germ centers were seen, but these were indefinite , systems of giant cells 
were absent 

COMMENT 


The features of this case agree with an origin of the process as 
lymphadenoid goiter and rapid growth of plasma cells into a plasmo 
cytoma of low malignancy, indistinguishable from the lesions of the 
nasopharynx reviewed by Blacklock and Macartney ^ The age of 
the patient is m accord with the age incidence of complete involution and 
atrophy of the thyroid gland as indicated by Vaux ^ 

Two significant points emerge from tire study of the clinical, macro 
scopic and histologic appearance of this interesting tumor first, the 
dominance of the plasma cell and the relative paucity of lymphadenoid 
tissue, second, the resemblance of the macioscopic appearance and 
clinical history to those observed m cases of Riedel’s chronic thyroiditi' 
The preponderance of plasma cells justifies the use of the term 
plasmocytoma for the whole swelling, since micioscopically the groiu 
was an almost perfect example of a plasma cell tumor On the o er 
hand, there were definite considerations which led us to link the con 
dition with Riedel’s chronic thyroiditis , 

In 1925, Shaw and Smith,® of Newcastle upon Tyne, j 
reviewed the literature dealing with this condition and repoited in eai^ 
6 further cases In all their own cases the patients were women 
the ages of 32 and 58, the sex and age may thus be compared "^**’*' 
in the case under consideration In cases m which operation 
performed the glands were found to be firm and diffusely en 
they were excised with little hemorrhage In several instances t 
a considerable degree of adhesion between the gland and the 
which caused great difficulty in the operations In other 
surgical findings were precisely similar to those encountered 
under discussion The preoperatn^e history was also compa ^ 
that there was no evidence of thyrotoxicosis and no history 
Also, as in our case, both syphilis and tuberculosis could be exc 
Turning to the histopathologic picture in their cases, one " 
the cellular infiltration was composed generally of masses of m 

plasma cells and some larger phagocytic cells, the whole being 
a delicate reticulum of collagen fibrils and young fibroblasts. 


of Nasopb^rm^ 

1 Blacklock, J W S , and Macartney, C Plasmacj tonia 

J Path & Bact 35 69, 1932 g 

2 Vaux, D M Lymphadenoid Goitre, J Path &. Bact 46 441, ^ 

3 Shaw, A F B , and Smith, R P Riedel’s Chronic Tbjro' joj 
Report of Six Cases and a Contribution to the Pathologj , Brit J 
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the acmi were alteied, the epithelial cells wcie enlaiged, the piotoplasm 
was ^es^culated, the colloid had disappeared and its place was taken by 
a mass of cells, many of w'hich showed signs of degeneration, such as 
invasion of the cell body by phagoc}tes, pyknosis, cienation and 
chromatolysis of the nucleus Heie and theie masses of cells w'ere 
fused to form a giant cell In 3 of their cases these changes were 
present and in the remaining 3 the lobulai stuictuie of the thyioid had 
disappeared and the tissue was nnaded by a pi of use infiltration wdiich 
at first suggested a sarcomatous giowth Theie weie lymphoid cells, 
plasma cells and phagocytes, and in addition theie w’cie a gieat number 
of large, pale, plump, iiiegulailj shaped cells with fine piocesses, the 
nuclei were large and \esiculai, being lound, oval oi lobulated, and 
mitoses were common The authors consideied that theie w^eie 
transitions betw’een these cells and the phagocites Lymph follicles 
were absent, capillaries and othei acsscIs weie scanty, and fibiosis 
was negligible despite the numerous fibroblasts The sun ivmg glandular 
acini show'ed both hyperplastic and degeneiative changes In 1 case 
adipose tissue infiltrated with round cells was attached to the exterior 
of the capsule of the gland, and in anothei both muscle and adipose 
tissue W'ere involved in the In aline fibiosis that afiected the capsule of 
the gland and in\olved the capsulai blood Aessels 

These changes may be compared wuth those in the case undei dis- 
cussion, especially those observed in the cases of thjioiditis in wdiich 
there was absence of lymphadenoid tissue and fibiosis associated with 
hyperplasia of large plasma cells 

The progress of the disease shows that fiom the early stages theie 
must be a considerable functional hyperactivity of the glandular epi- 
thelium to balance the loss of secreting tissue It is notew'orthj that 
even in advanced cirrhosis of the thyroid there is absence of myxedema 
or only very slight evidence of it, which is to be explained only by the 
hyperactivity of the remnants of the gland In oui case of plasmocvtoma 
none of the early signs of myxedema could be lecognized piioi to 
operation With regard to the cellular stroma, an interesting point has 
been noted by Shaw and Smith," not only weie plasma cells present 
m all their cases, but they were present in much laiger numbeis than are 
found in lympho’d tissue, which, the authois suggested, was evidence of 
an inflammatory process Moreover, the absence of lymph follicles m 
1 of their cases of thyroiditis they held to indicate that pathogenically 
the early stage of RiedeFs thyroiditis is not a focal lymphatic hyper- 
plasia but essentially a chronic inflammatory process In our case there 
was an extreme paucity of lymphoid tissue and the field was dominated 
by plasma cells in all sections of the gland It is to be noted that m Shaw 
and Smith’s case of thyroiditis m which there was absence of lymph 
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follicles there were extreme destruction of the glandular acini and diffuse 
cellular infiltration at first resembling sarcoma, a condition of cellular 
change comparable to that m our case So far it is suggested that the 
plasmocytoma in this case aiose from a gland in which a pathologic 
process had occurred which might be compared with certain types of 
Riedel’s chronic thyioiditis The latter condition presents varying histo 
pathologic features The one point of distinction between this case of 
so-called plasmocytoma and those of thyroiditis recorded by Shaw and 
Smith IS the exceptional prominence of the plasma cell 

Recently (May 1938) Vaux," of the Royal Free Hospital, London, 
England, has reported a study of 38 cases of lymphadenoid goiter, and 
she found that there are three stages in the development of the lesion 
In the early stage theie is scattered infiltration of the gland with 
proliferating lymphocytes and plasma cells and accompanying slight 
fibrosis At this period the acinar cells aie normal or show varying 
degrees of cellular hyperplasia 

The intermediate stage shows compression and distortion of the 
thyroid parenchyma by masses of plasma cells and lymphocytes together 
with the formation, both diffusely and in trabeculae, of fibrous tissue 
In the third and last stage the glandular epithelium is almost coni 
pletely destroyed by fibrosis and cellular infiltration with plasma ce s 
and lymphocytes 

This author also found that the clinical course agrees with tiese 
pathologic stages, an early stage of thyrotoxicosis being replaced later ) 
hypothyroidism In a similar manner, there was progressive hardening 
of the gland according to the stage of the disease and determine ) 
the increasing cell pack and fibrosis Vaux ^ concluded that the con dio^ 
is due to excessive involution of the thyroid following mild 
thyroidism Tuberculous infection, syphilis and pyogenic infection " 
excluded She based her view of involution on the early 
thyrotoxicosis correlated with the histologic observations of decreas » 


epithelial hyperplasia and increasing destruction of acini 

Against this view there is another aspect of chiomc tiyro 
namely, the diffuse extracapsular spread of the lesion into the mu 
of the neck, involving the carotid sheath and extending downvar ^ 
the mediastinum Monod and Monod,* Bohan,® Ricard® af ^ 


4 Atonod, G , and Monod, R fitnde sur la thyroidite ligneuse ch 

J de chir 22 1, 1923 , pjnfa' 

5 Bohan, P T Ligneous Thyroiditis Associated with High ra 
Infection, M Chn North America 7 1069, 1924 

6 Ricard, M Note sur une variete de degenerescence fibreuse 

th) roide, Bull et mem Soc de chir 27 758, 1901 . j ,5 vot*’ 

7 Berrj, J On a Further Series of Five Hundred Goitre Opera 
Special Reference to After-Results, Brit J Surg 8 413, 1921 
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recorded cases in which the trachea, bioiichi and gieat vessels were 
mantled by the cellular exudate and in a lemaikable case lecorded by 
Tailhefei ® the infiltration involved the carotid vessels and extended to 
the base of the skull The beginnings of this extiacapsulai cellulai 
spread are shown histologically in the cases recorded by Shaw and 
Smith,® and macroscopically it was equally evident at opeiation both 
m their cases of thyroiditis and in our case of plasmocytoma These 
changes clearl}’’ point to the opeiation of a cellulai stimulus which in 
certain instances transgresses the limits of its glandulai nidus and 
infiltrates on the same lines as the iieoplasma , the process, therefore, can- 
not be explained as supermvolution of a normal structure Shaw and 
Smith ® stated “We have been unable to collect any evidence that the 
condition is an imolution following a previous goitre, we believe that 
the condition is a chronic inflammatory piocess of a granulomatous 
nature ” 

The recorded cases of plasma cell tumois arising in conjunction with 
the nasal and nasopharyngeal mucosa were reviewed in 1931 by Claiborn 
and Ferris ® In 1 of these, recorded by Vogt in 1912, the tumor mass 
extended from the mastoid process to the jugular fossa along the sterno- 
cleidomastoid muscle The patient died in a “choking fit ” At autopsy 
the tumor w^as observed to consist of a cellular infiltration compiising 
lymphocytes and plasma cells In a few areas the plasma cells were 
elongated and spindle shaped, resembling fibroblasts, and masses of 
plasma cells had permeated along the blood vessels into the musculatuie 
In this case also the picture is one of diffuse cellular infiltration of 
cervical structure closely resembling advanced Riedel’s chronic thyroid- 
itis with extracapsular spread Also, as in the case of thyroiditis, 
such a plasma cell tumor arising in the upper respiratory passages 
may develop as a well defined, distinctly localized mass of connectne 
tissue cells forming a definite tumor or may infiltrate the surrounding 
structures diffusely after a primary focal development Furthermore, 
the parallelism to the cases of thyroiditis and our case of plasmocytoma 
>s emphasized by the cellular elements comprising the tumor In 
addition to the masses of plasma cells there are diffuse^ scattered 
lymphocytes , however, m some cases, according to Claiborn and Ferns,® 
lymphocytes form the predominant element Multinucleated cells also 
appear, forming a still further link with our case Lastly, it is to be 
noted that tuberculous and syphilitic infection were absent m all these 

8 Tailhefer, E Inflammation chronique primitive de la glande thyroide, 
Rev de chir 18 224, 1898 

9 Claiborn, L N , and Ferns, H W Plasmocell Tumors of the Nasal 
and Nasopharyngeal Mucosa, Arch Surg 23 477 (Sept) 1931 

10 Vogt, E Granulomatosis plasmacellulans colh, Frankfurt Ztschr f Path 
10 129, 1912 
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cases of nasopharyngeal plasmocytoma, which is comparable to the find 
mgs in the recoided cases of chronic thyroiditis 

The oiigm of the plasma cell is still debatable One school holds 
that it IS derived from the lymphocyte (and this is probably the more 
popular view) , the other regards it as originating from fixed tissue, for 
example, the fibroblasts of the adventitia or the blood vessels Reverhng 
to the nasopharyngeal plasmocytomas and those occurring in other extra 
medullary situations, one finds that there is a division of opinion as to 
whether these tumors are inflammatory m origin or are true neoplasms 

Pascheff, Rados, Porkow’’sky, Franke and Baurmann,’^^ describing 
plasmocytomas aiismg in connection with the conjunctivas, attributed 
them to inflammatoiy origin, and a like explanation has been adranced for 
plasmocytomas arising fiom the lip by (Kaufmann“), m the anus 
(Albrecht and m the jaw (Pirone^^) In a classification of polyp' 
occurring m the nasal passages Alagna described one type in which 
the plasma cell is the predominant element, and he concluded that t is 
type of polypus is associated with infection of the nasal sinuses Huche 
cited an interesting case recorded by De Vestea, in w'^hich a massiie 
plasma cell growth occurred m the tonsils of a man aged 82 ^ 

strongly positive Wassermann reaction and disappeared on antisypu i 
treatment 

In the first of the 2 cases repoited in detail by Claiborn and 
the authors could see no evidence indicating a true neoplasm 
second case such evidence was present Kusunoki and Frank con 
sidered that the plasma cell tumoi in the left side of the neck o 
by them was a granuloma consequent on the action of an un 
toxic agent on the walls of the blood vessels, causing transmutation 
the fibroblasts of the adventitia into plasma cells 

One IS thus confronted with a division of opinion as to t le on 
and nature of plasma cell tumors, although many of the 
their neoplastic nature would appear to be only half convinced Lj,„es 
ciation m our case of plasmocytoma of the thyroid gland w'lth t 
known as chronic thyroiditis suggests that lesions occurring * | 

in the neck and lesions arising as localized masses m the nasop ary 
mucosa (and more rarely in other places) have a common caus 

11 Cited by Huckel, R Ueber em Plasmacytom des Nasenrachenrauni 

Virchows Arch f path Anat 264 172, 1927 nkheit^u 

12 Alagna, G Die Plastnazellen bei Ohren-, Nasen- und Kehlkop 

Virchows Arch f path Anat 204 161, 1911 Vjrcboi^ 

13 Huckel, R Ueber ein Plasmacytom des Nasenrachenraumes, 

Arch f path Anat 264 172, 1927 

14 Kusunoki, M, and Frank Ueber em Plasmezellurares 

dem khmschen Bilde \on Lymphomen der Halsalymphdrusen 1913 

Knoten in der Nasenschleimhaut, Virchows Arch f path Anat 
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all the cases mentioned, syphilis and tuberculous infection were excluded, 
and, although pyogenic oiganisms cannot be held to account for chronic 
thyroiditis, there is every reason for their activity in lesions of the upper 
respiratory passages However, although infection in this region is 
extremely common, the lesions are extremely rare The same argu- 
ment IS in force against their origin from a simple infection as militates 
against the theoiy^ of glandular involution as an explanation of thyroid- 
itis, thyrotoxicosis is very common, thyroiditis a definite rarity On 
this evidence there must obviously be other etiologic factors which 
initiate a stimulus resulting in so profound a change as the destruction 
of the thyroid gland in an othenvise healthy person or the growth of 
masses of tissue in the neck Our present case affords a clue, there 
was evidence of long-standing osteoarticular and periarticular trophic 
disturbances resulting m the severe changes in the knee joints and 
necessitating an arthrodesis of one of these joints The results of 
“sympathetic ganglionectomy” for rheumatoid arthritis and for osteo- 
porosis have now been observed by many surgeons in different parts 
of the world, and these considerations lead one toward the question of 
a disturbance of neural control of the affected tissue and the possible 
role that this might play in the development of the lesions under dis- 
cussion One of us (R C S **) has shown that irritation of the sympa- 
thetic pathway to the thyroid gland between the central nervous system 
and the paraspinal ganglion produced proliferation and degeneration of 
the thyroid epithelium accompanied by cellular infiltrations of the necrotic 
gland tissue This work may be compared with the somewhat similai 
results obtained by Cannon and also by Wilson, who used a different 
technic We have also found that section of the cervical portion of the 
sympathetic trunk in the same portion of its pathway caused degeneration 
and atrophy of nerve cells in the superior cervical ganglion and hyper- 
plasia and degeneration of cells in the thyroid acini, whereas total cervical 
ganglionectomy did not cause changes in the thyroid comparable to those 
following neural section and chronic neural irritation These tissue 
changes are similar to those reported by the same writer in 1926 after 
experimental irritation of the nerve supply to the aortas of rabbits and 
confirming the results of Manouelian in this field Finally, these 
results were partially correlated with the findings of Pearce and 

15 Shaw, R C Nerve Irritation and Aortic Lesions, Quart J Med 19 203 
(Jan) 1926, Tissue Change and the Sympathetic Nervous System, Thesis, Man- 
chester, 1933 

16 Manouelian, Y Recherches sur atherone aortique, Ann Inst Pasteur 27. 
12, 1913 

17 Pearce, R N E-vperimental Arteriosclerosis and Myocarditis, Bull Johns 
Hopkins Hosp 17 94, 1906 
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Polettini,^® who subjected animals for six to eight weeks to repeated 
injections of epinephrine and produced proliferative lesions in the blood 
vessels which were similar to those obtained b)*^ neural irritation Although 
we were not able fully to confirm Polettini’s work, our knowledge ol 
the importance of tlie adrenal hormone in connection with the con 
ductivity of the neural impulse in the sj^mpathetic system at once 
suggests that there is an intricate and delicate mechanism by which the 
passage of physical stimuli between the central nervous system and the 
thyroid gland or other tissue is intimately associated with the endocnne 
secretions, and the transference of such impulse in a normal or an 
abnormal manner may be dependent on a very fine physiochemica! 
balance at the nerve endings It is thus considered that the change^ 
occurring in our case of plasmocytoma are one aspect (and no doubt 
a rare one) of the pathologic course of a condition which is itseli 


uncommon, namely, Riedel’s chronic thyroiditis, and that these con 
ditions are expressions of tissue cell hyperplasia following a physio 
chemical disturbance that may be dependent on a complex cycle of 
causes in part due to disturbance of the neural control and in part of 
endocrine origin No doubt in a few cases chronic infection may pb' 
some part in the cycle in affecting the neural apparatus, but the fact 
remains that these plasma cell reactions are not associated with t c 
ordinary specific infections, and their very rarity precludes the idea t la 
the common pyogenic organisms are a determining factor It 
seem more likely that when there is strong evidence of a definite infection 
in a case of plasma cell reaction the role played by this factor i 
comparable to that of the conditions that predispose to the developmco 
of cancer In other words, the infection engenders cellular insta 1 1 
and in rare instances the conjunction of certain neuroendocrine con^ 
ditions IS followed by plasma cell hyperplasia The rarity of t c- 
reactions is illustrated by the fact that in 1925 Shaw and Smitli ^ 
able to collect only 25 cases of thyroiditis from the literature since 
With regard to the endocrine element of these plasma reactions, i 
interesting to note that all Shaw and Smith’s ® patients vere fema es 
that the patients in 31 of 38 cases of thyroiditis analyzed by ^^3U>- 
also females In this connection the findings in 1 of Shaw and 
cases may be recalled In this case the adrenal gland 
similar to those in tlie thyroid The parenchymatous tissue was ^ 
in the central portion of the gland, and this, although muc i a 
appeared to be cortical tissue, while the peripheral parts of t le 
exhibited massive infiltration with plasma cells, lymphocytes an 
cytes In this zone there was almost total destruction of ^ 


18 Polettini, D B Sulle alterazioni delle pareti -vascolan jp’T 

ahna sia per iniezione in circolo, sia per contatto. Arch per le sc. me 
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epithelium, while there was hyaline fibrosis of the glandular capsule 
There was no evidence of tuberculous infection 

In conclusion, it is advanced that the so-called plasmocytoma in this 
case belongs to a type of plasma cell hyperplasia which may occur in 
conjunction with lymphocytic hypeiplasia, the two cellular elements 
varying in different cases In some the plasma cell predominates, in 
others the lymphocyte predominates and in others the two are present m 
more or less equal proportions Such hypeiplasia arises as a focal 
lesion,^® infiltrating the surrounding tissues and forming a localized 
tumor If it arises in the thyroid or in the adrenal there are coincident 
hyperplasia and degeneration of the normal glandular elements, which 
are replaced by the masses of tissue cells The ultimate course of such 
a hyperplasia appears to be governed either by local tissue reaction or 
by cessation of the initial stimuli In consequence the tumor mass either 
spreads through the confines of the glandular capsule (in the case of 
the thyroid) or of the fibrous wall of the pharynx, infiltrating diffusely 
along the muscle planes and sheaths of the blood vessels, or, on the 
other hand, the cellular mass undergoes fibrosis and possibly hyaline 
change, remaining localized to its original site 

As regards the nature of the initial stimulus, it has been shown that 
simple involution of the thyroid cannot be accepted as a reasonable 
solution for the changes occurring in thyroiditis, and yet specific and 
common pyogenic infections do not form the true etiologic basis It is 
therefore tentatively concluded that these rare changes are due to an 
imbalance of the neuroendocrine control of the tissue cells in which 
disturbance of the neural impulse or of the physiochemical mechanism 
by which it is transmitted to the tissue cells results in abnormal stimuli 
productive of intensive proliferation of the connective tissue cells and 
hyperplasia and destruction of normal glandular elements Plasmocytoma 
of the thyroid, chronic thyroiditis and other extramedullary plasmo- 
cytomas are all expressions of a common pathologic process 

19 Stewart, M J , and Taylor, A L Solitary Plasmacytoma, J Path & 
Bact 35 541, 1932 



A NEW METHOD OF HRETEROINTESTINAL 
ANASTOMOSIS UTILIZING PERITONEUM 


ROY E BRACKIN, MD 

KENILWORTH, ILL 


After implantation of the ureters into the colon, serious sequelae, 
such as hydronephrosis and pyelonephrosis, are possible The pathologic 
physiology of the ureters is significant At least six factors are 
interrelated 

PERITONITIS 

After direct implantation the incidence of peritonitis is high In 
animals this condition occurs rarely after submucous implantation 
Coffey’s ^ method of constructing a ureterointestinal valve aided m 
preventing peritonitis Hyperperistalsis in the colon, especially a ter 
bilateral implantation, contributes to the tendency toward leakage, par 
ticularly if specialized instruments are used in the ureters or in 
rectum 

INFECTION OF THE URETER AND KIDNEY 

Bacterial invasion of the meter occurs through the hiatus 
uieteral mucosa David and Mattill - have shown that it is 
that infection of the renal pelvis occurs through involvement o 
periureteral lymphatics Rather, extension of infection is via the 
of the ureter Vermooten ^ has shown that ureteral elasticity is 
by direct extension of infection from the site of 
implanted end of the ureter remains infected Long-standing m e 
of the lower end of the ureter accelerates the formation o 
tissue , stricture, dilation and ascending infection result (figs ^ 

This IS not true when the ureter together with its intact nerves,^^ 
vessels and parietal peiitoneum is implanted into the lumen o 
mold flexure of the colon Also, reaction of the peritoneum su^^^ 
ing the intramural portion of the ureter localizes an a so 
infection 


From the Department of Surgery, Rush Medical College cgssion of 
Read before the Section on Urology at the Ninetieth Annua 
American Medical Association, St Louis, May 18, 1939 Coffl'oo'’ 

1 Coffey, R C Physiologic Implantation of the Severed ro 
Bile-Duct into the Intestine, J A M A 56 397 (Feb 11) DU t , mphatics i" 

2 David, V C, and Mattill, P M Role of 

Experimental Urinary Tract InfecUons, Arch Surg 2 153 (Jan ; - 

3 Vermooten, V Transplantation of the Lower End of t e 
Expenmental Study, J Urol 32 273, 1934 
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IMPAIRMENT OF FUNCTION OF THE URETER 

With present methods of implantation of the ureteis into the recto- 
sigmoid, trauma to the ureter is minimized only by operative care It 
IS well known that peristalsis is nevei resumed aci oss the site of trauma 
If the ureter is cut acioss, its innervation will not be lepaired and its 
function will be inhibited Hinman * stated that good peiistalsis con- 
stitutes the mam defense against lefiux and ascending infection Trauma 



Fig 1 — Specimen from typical controlled experiment The photograph shows 
the ureterointestinal orifices seven and one-half months after simultaneous bilateral 
implantation of the ureters into the rectosigmoid The left ureter was dissected 
free from the parietal peritoneum The right ureter was implanted with the parietal 
peritoneum intact On examination the left orifice was cicatrized The left ureter 
was dilated The right orifice was satisfactory, and the right ureter was normal 

of handling and the effect of sharp dissection are impoitant factors in 
the occurrence of immediate infection of the meter, stasis in the urinary 
tract and subsequent renal infection 

4 Hinman, F Ureterointestinal Anastomosis, Surgery 2 127, 1937 








Fjg 2 — Specimen from an experiment similar to the one from which the 
specimen in figure 1 was taken, eleven months after ureterosigmoidostomi There 
was a stricture of the left ureterointestinal orifice The left ureter (not iHus 
trated) was dilated The right orifice was satisfactor 3 % measuring 3 mm in diam 
eter, and the right ureter (not illustrated) was normal 



AriSLStomosis 


Fig 3 — Specimen from a t 3 pical controlled experiment, fom" *^j^,t(ithe 
bilateral implantation of the ureters in two stages into the rectoaig 
parietal pentoneum intact The proximal portion of the left ureter ^ 
into the inasion in the intestine bj sutures in the intact panetal uret^' 

musculature of the bowel was closed over the proximal portion o j[-onephn5‘’‘ 

bj a suture placed oier the ureter On examination there were some 
and pjonephntis on the right The kidnev and ureter were norma on 
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RETRACTION OT THE URETER 

Experimentally, letraction of the end of the uretei into the rectal 
wall IS rather common This is pi evented by the Mayo modification 
of the Coffey method, in which the sutures of the intestinal musculature 
include the edge of the mtramuial portion of the ureter 


STRICTURE AND ANGULATION OE THE URETER 

The ureter is relaxed and free of encroachment in the retroperitoneal 
location After implantation into the colon its lower portion is cov- 
ered for a variable distance by the musculature of the colon, and 
interference with peristalsis may result If the musculature of the bowel 
IS closed loosely over the ureter, the risk of leakage is increased , if it 
IS closed tightly, stricture of the ureter may follow Suture over the 
portion of the ureter toward the kidney constitutes a risk of stricture 
Minimal encroachment on the diameter of the ureter by a scar oi a 
suture frequently causes hydionephrosis and renal infection By 
anchoring the proximal portion of the ureter into the incision m the 
bowel by sutures thiough the parietal peritoneum attached to the ureter, 
the possibility of stricture is minimized (figs 2 and 3) In addition, 
Vermooten® found that stiicture is usually present where the ureter 
passes through the intestinal mucosa Ihis possibility is avoided in a 
lateral anastomosis 

Since 1911, when the Coffey-Mayo ^ method of submucous implanta- 
tion was reported, the oldei methods have been largely discarded 
Walters,® both alone and m collaboration with Braasch,®*^ has contributed 
extensive and varied studies in the clinical application of ureterosigmoi- 
dostomy Coffey " first described the necrosing suture method, and 
Higgins ® first described the lateral anastomosis with a neci osing suture 


5 Mayo, C H The Formation of a Cloaca m the Treatment of Exstrophy 
of the Bladder, S Chn North America 1 125, 1920 

6 (a) Walters, W Transplantation of Ureters to Sigmoid Colon for 

Exstrophy of Bladder and Other Ureteral Abnormalities with Urinary Incontinence, 
Minnesota Med 16 416, 1933 (6) Walters, W , and Braasch, W F Ureteral 

Transplantation to Rectosigmoid for Exstrophy of the Bladder, Complete Epi- 
spadias, and Other Urethral Abnormalities with Total Urinary Incontinence A 
Study of Eighty-Five Operative Cases, Am J Surg 23 255, 1934 , Transplantation 
of Solitary Ureter to the Sigmoid Colon for Exstrophy of the Bladder Report of 
a Case, Proc Staff Meet, Mayo Chn 9 485, 1934, Ureterosigmoidal Transplanta- 
tion for Exstrophy of the Bladder and Complete Epispadias with Absent Urinary 
Sphincters, Am J Surg 24 776, 1934, Plastic Operations on the Genito-Unnary 
Tract I Operations on the Ureters and Kidney, Proc Staff Meet , Mayo Chn 
19 529, 1935 , Implantations of Ureters into the Colon, Surgery 2 12, 1937 

7 Coffey, R C Production of Aseptic Uretero-Enterostomy by a Suture 
ffransfixing the Ureteral Wall and the Intestinal Mucosa, J A M A 94 1748 
(May 31) 1930 


S Higgins, C C 
1934 


Aseptic Ureteromtestinai Anastomosis, J Urol 31 791, 
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Hinman ^ has stated that “the simplest method usually proves to be the 
best” All the methods of meterointestmal anastomosis referred to* 
(and perhaps others) are designed to minimize ascending renal infection 
and ureterectasis 

METHOD 

Intact parietal peritoneum overlying the ureter is included in a lateral 
submucous ureterointestinal anastomosis (figs 4 and 5) The uretero 
intestinal opening is established by a necrosing suture This is a 
mattress suture of no 6 braided silk material inserted thiough the 
paiietal peritoneum and the ureteral wall on one side and the intestinal 
submucosa and mucosa on the other and runs parallel to the long axis 
of the ureter The desired length of suture should he in the lumen 

9 Bergenhem, B Ectopia Vesicae Adenoma Destruans Vesicae, Exstirpa 
fion of the Bladder , Implantation of End of the Ureter into the Rectum, Eira 19 
268, 1895 Alaydl, K Neue Beobachtungen von Ureterenimplantation in die 
Flexura romana bei Ectopia vesicae, Wien med Wchnschr 46 1241-1247, 1896 
Martin, F H Implantation of Ureters in Rectum A Method Having for Its Object 
the Making of Subsequent Infection of the Ureters and Kidneis Impossible, T ^ ^1 
A 32 159 (Jan 28) 1899 Peters, G A Transplantation of Ureter into Rectumbi 

an Extra Peritoneal Method for Exstrophy of Bladder, Brit kl J 1 1538, 1901 
Fowler, G A Treatise on Surgeiy, Philadelphia, W B Saunders &. Compsm, 
1906, vol 2, p 313 Coffey, R C Transplantation of the Ureters into the Large 
Intestine, Surg , Gynec & Obst 47 593, 1928 Kinvin, T J A Studv of Ureteral 
Implantation with a Description of a New Procedure A Preliminary Report, Am 
J Surg 8 1, 1930 Ferguson, C Experimental Transplantation of the Ureters 
in the Bowel bj a Two Stage Operation, Mil Surgeon 69 181, 1931 Beaier, M 
G , and Mann, F C Brief Communications Simple Method for the Tran' 
plantation of the Ureter and the Common Duct into the Intestine, Ann Surg SS 
621, 1932 Winsbury, HP A New Method of Implanting the Ureters into th" 
Bowel, Proc Roy Soc Med 26 1214, 1935 Hinman, F A Simple Se%en Suture 
Method of Bilateral Uretero-Intestinal Implantation, Surg , Gynec S. Obst 61 ^ 

1935 Brenizer, A G Ureteral Transplantation Modification of Methods, m 

J Surg 28 210, 1935 Sherman, W L, Dmardo, C J, and Bowers,^! J' 
Ureteral Transplant Preliminary Report of a New Technique, ibid 29 54, I ^ 
Poth, E J Aseptic Uretero-Enterostomj , Surg, Gjnec & Obst 60 87o, ^ 

Douglass, H L , and Edwards, L W Experimental Studies of Uretero-Inte t 
Anastomosis, Ann Surg 104 87, 1936 Hinman, F Uretero-Intestinal Implan 
tion by Aseptic Method with Divisible Carrier Modification of Simple ^ 

Method with Probe and Cautery, Tr Am A Genito-Urin Surgeons 29 P 

1936 Altounyan, E H R Modified Coffey Operation for Transplanting ’ 
Lancet 2 191, 1937 Foley, FED Aseptic Ureterosigmoidostorov 
Method Providing Definite Asepsis in Respect to Both Fecal and Urinous Soi is 
a Preliminary Report, Surgery 2 18, 1937 Douglass, H L, and Edvards, L 
Ureteral Enterostomy Combination of Coffey, Ferguson, and Brenizer Me 

J Tennessee M A 30 41,1937 Farrell, J I, and Lyman, Y - 

Intestinal Anastomosis, Surg , Gynec & Obst 66 657, *1938 Jordan, ^ ^ ^ 3; 
Uretero-Intestinal Anastomosis An Experimental Studv, J Missouri M ^ 

365, 1938 
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Fig 4 — ^Ureterointestinal orifices of the specimen in figure 3 The left orifice 
was 5 mm and the right 6 mm in length 



Fig 5 —Various stages (A, B, C and D) in the operative technic for implan- 
tation of the ureter into the rectosigmoid The parietal peritoneum is not incised 
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of the ureter, this is accurately determined, and the suture is tied 
securely, with a crushing effect on the tissues Care m manipulation is 
important to avoid breaking of the material, injury to the parietal 
peritoneum and contamination, especially of the abdominal wound The 
longitudinal ureteral vessels are avoided The ureter above the necrosing 
suture IS anchored in the intestinal incision by silk mattress sutures 
which include, on the medial side of the ureter, the parietal peritoneum 
and the inferior edge of the intestinal muscle The suture on the lateral 
side of the ureter includes the parietal peritoneum and the superior 
edge of the intestinal muscle Sutures are not placed under the ureter 
proximal to the site of the necrosing suture The intestinal musculature 
is closed over the ureter at the site of the necrosing suture and distally 
by silk mattress sutures which include both edges of the intestinal 
muscle and pass under the ureter Folds of parietal peritoneum remain 
between the approximated edges of the intestinal wall The field is 
peritonealized The right ureterointestinal anastomisis is performed first 
and the left in two or three weeks 


ADVANTAGES OF METHOD 

Peritoneal reaction prevents leakage and tends to localize and absorb 
postoperative infection The physiologic character of the ureter is pre 
served by deferring ureteral section and by implantation of the ure er 
with the nerves, blood vessels and parietal peritoneum intact 
in the proximal segment is unlikely, since the ureter is 
intestinal incision by sutures in the parietal peritoneum The proba i O 
of retraction of the ureter is minimized by adhesions between t e 
toneum and the intestinal submucosa Obstruction of the sma m 
tine after this procedure appears unlikely 


3RESULTS 

Studies of animals of which intravenous urographic 
was done were made after one week and after periods up to e 
months The roentgenologist. Dr F H Squire, studied the 
made the following reports 

Vfsv 9 ' 

Dog 1 (simultaneous bilateral transplantation of the ureters on ^ 
division of the ureters distal to the anastomoses on June 13, intraven 
graphic examination on April 7, 1939) — Both renal pelves were am 1 
They appeared to be within normal limits There was some dilatation 
ureter The left ureter was not visualized There was a large atno 
in the bowel jj 

Dog 2 (simultaneous bilateral transplantation of the ureters on 
division of the ureters distal to the anastomoses on June IS, 

Boih r™l pel.e, la-b 


graphic examination on November 8) . 

appearing within normal limits The ureters were not visualize 
large amount of dje in the bowel 


There 


na' 
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Fig 6 — Sectional view of the method of operation A, longitudinal intestinal 
incision down to the submucosa, the medial peritoneal suture (i) has been placed, 
and the mattress sutures (2 and 3) have been passed through the inferior edge 
of the incision in the intestine, under the ureter at the site for the necrosing suture 
and distally (additional and similar sutures may be employed in that location) 
B, necrosing suture placed in the lumen of the ureter and bowel The lateral 
peritoneal suture {4) is being placed C, necrosing suture tied The mattress sutures 
(2, 3 and 4) have been passed through the superior edge of the incision in the 
intestine D, implantation completed fay tying of the free ends of the mattress 
sutures (2, 3 and 4) The position of the ureter in the wall of the intestine, the 
constriction caused by the necrosing suture, the parietal peritoneum covering 
c ureter and interposed between the approximated edges of the incision in the 
intestine and the peritoneahzation of the superior edge of the incision into the 
intestine are illustrated 
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Dog 3 (transplantation of the right ureter on Aug 24, 1938, transplantation 
of the left ureter on October 5 , intravenous pyelographic examination on December 
10) — The renal pelves and the ureters were not visualized, but there was con 
siderable dye in the bowel, which showed good function 

Dog 4 (transplantation of the right ureter on Oct 26, 1938 , transplantation of 
the left ureter on November 28 , intravenous pyelographic examination on April 11, 
1939) — The renal pelves and ureters were normal There was a large amount of 
dye in the bowel, which showed good function 



•f the 

Fig 7 — Specimen illustrating a typical result of implantation o of 

into the rectosigmoid The photograph shows the kidneys, the and 

the sigmoid and the bladder six months after the operation The n 
ureters are normal 


Dog 5 (transplantation of the right ureter on Nov 16, 1938, transp 
the left ureter on December 11, intravenous pyelographic 
4) — Both renal pelves were faintly outlined They appeared to e wi 
limits There was a large amount of dye in the bowel jantation oi 

Dog 6 (transplantation of the right ureter on March 16, 1939, 
the left ureter on Apnl 6 , intravenous pyelographic examination on pn 
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nght ureter was within normal limits The left kidney was well outlined and 
appeared normal There was some dilatation of the left ureter There was a large 
amount of dj e in the bowel 

Films of specimens of the kidneys, pelves, meters and sections of 
the bowel into which 16 per cent sodium iodide had been injected showed 
these to be within normal limits One film of a specimen of normal 
ureter and kidne}”^ after injection of sodium iodide compared favorably 
with films of specimens treated by similar injections after operations 

The apparent dilatation seen m the pyelograms appeared to clear up 
after operation and was not present in the specimen Frequently there 
was slight obstruction due to edema, which cleared up, as was shown 
in later films and m the specimens The proximal portion of the ureter 



Fig 8 — ^Ureterointestinal orifices of the specimen in figure 7 The specimen 
was fixed in solution of formaldehyde, with glass rods in the ureterointestinal 
orifices 

was not dilated, as shown in specimens removed on the third and on the 
fifth postoperative day 

In ten consecutive bilateral implantations m healthy dogs pathologic 
changes in the kidneys or in the ureters or kidneys were not observed 
at autopsy after periods varying from three weeks to eleven months 
In 3 animals which died of extensive bronchial pneumonia within five 
days after the initial transplantation, bilateral pyelonephritis was 
obsen'ed The transplanted ureter was not dilated m any instance (figs 
6 and 7) The ultimate size of the ureterointestinal opening was 3 mm 
or more m diameter when 1 cm of the wall of the ureter and 1 cm 
of the mucosa of the intestine were included in the necrosing suture 
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The openings nere larger than the diameters of the lumens of the 
ureters The ureterointestmal orifice was devoid of excessive fibroifa 
tissue and its edges were completely epithelized thirty-five days after 





■/ X i ♦ t ^ N V/ ^ 



nF- / ^s'v/rr '. ., ^ < 



Fig 9 — Photomicrograph of a section cut trans^ersel) throug perfora"*^ 
the ureter and rectosigmoid thirtj-five dajs after ureterosigmoi epitheli^^ 

bj the method described The photomicrograph shows the anastomo 
and the ureter normal 

the 

the operation (fig 8) Urine was present in the rectum o 'j-jio 

day in 80 per cent and on the third day in 20 per cent o 
urinary stream w as diverted into the intestine whether or n 
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distal to the anastomosis was interrupted or lemained continuous with 
the bladder Later section of the distal portion of the ureter in 4 
instances did not alter the lesults 

COMMENT 

The formation of a ureteromtestmal fistula is soon effected because 
of the presence of infection in the tissue under the necrosing suture 
The edema m the surrounding peritoneum increases the tension of the 
necrosing suture and hastens breaking down of the tissue Growth of 
epithelium then completes the production of a ureteromtestmal anasto- 
mosis A necrosing suture has been employed by us in fifty-two con- 
secutive implantations of the ureter into the colon in animals After 
every transplantation the suture caused tissue necrosis which resulted 
in a ureterosigmoidal anastomosis There is no tension on the ureter 
after this procedure , presumably m clinical application tension would be 
no greater than after the retroperitoneal implantation employed by 
Cabot (m 1 clinical case m which operation has been performed 
since the presentation of this paper, tension on the ureter has not 
resulted from the procedure) The chief factors contributing to the 
good results obtained with the method described are a ureter normal 
down to the ureteromtestmal opening and an epithehzed opening into the 
intestine which is characterized by the absence of scar tissue 

SUMMARY 

The incidence of h 3 'dronephrosis and pyelonephrosis subsequent to 
implantation of the ureters into the colon has been reduced experi- 
mentally by a method which involves utilization of peritoneum and in 
which dissection of or trauma to the ureter does not occur 

Dr Gatewood gave counsel and guidance frequently during the eighteen 
months this work was in progress Dr Vernon C David contributed valuable 
suggestions and criticism in the preparation of the manuscript Drs Willis 
J Potts, Carl W Apfelbach and Clayton J Lundy also rendered valuable 
assistance 

ABSTRACT OF DISCUSSION 

Dr. Waltman Walters, Rochester, Minn Dr Brackm’s studies have been 
thoughtfully and accurately carried out and comprise one of the nicest pieces of 
Work on experimental ureterosigmoidal transplantation which I have ever seen 

A point of great interest is that by not incising the peritoneum over the ureter 
one IS able in creating the ureterosigmoidal anastomosis by means of the necrosing 
suture to prevent contracture, which Dr Brackin thinks will occasionally occur 
with methods m which the peritoneum is incised, and flagellation of the end of the 
ureter, the blood supply and nerve supply of which have been interfered with as 

10 Cabot, H The Methods of Diverting Urine Above the Level of the 
Bladder, with Particular References to Problem of Technic, J Urol 35 596, 1936 
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a result of its being removed from its periureteral tissue, particularly the peritoneum 
I think Dr Brackin has shown that well, because in his controlled experiments in 
which the ureter was pulled up from the peritoneum and the peritoneum retracted 
to the side, pyelonephritis occasionally occurred as a result of contracture at the 
necrosing anastomosis 

The point relative to the importance of not placing sutures proximal to the 
anastomosis because of interference with motility in the ureter is important Dr 
Brackin has used the necrosing suture method in 52 instances in animals Also he 
has recently employed it in a clinical case I am sure he would want that empha 
sized, for the reason that there is a good deal of difference between the results of 
different types of ureterosigmoidal transplantation in dogs and in human beings 
The musculature of the dog’s large intestine is much larger and thicker than that of 
the human large intestine 


[Note — The patient in the clinical case referred to by Dr Walters is a bo) 
aged 3 years with exstrophy of the bladder Sufficient time has not elapsed for 
urologic studies (procedure carried out May 13, 1939) However, recovery fol 
lowed, and urine appeared in the rectum thirty-six hours after the opera 
tion — R E B ] 

A year ago, when Dr Bowman, Dr Barker and I were trying to produce 
atrophic unilateral pyelonephritis to note its effect on hypertension, we implanted 
the ureter into the bowel, using the submucosal method (the original method o 
Coffey), and almost without exception the subjects had first hydronephrosis an 
then atrophic pyelonephritis 

The only way that my associates and I have been able successfullj to transplant a 
ureter into the bowel and maintain reasonably normal function of the ki nej 
without too much infection is to put a hole in the bowel, place a ureter in it an 
with a small, loosely tied purse string suture approximate very lightly the 
around the ureter Mann found this experimentally to be the most effectne met o 
of transplanting such small ducts as pancreatic ducts in animals 


One must remember that the submucosal transplantation of the ureter. 


the 

so-called original Coffey method, is followed in the dog by pyelonephntis^a^n 
hydronephrosis , although these conditions may occur relatively infrequentlj m 
there is no doubt that they do occur 

Dr Brackm’s studies are particularly interesting because within fifty hours 
the necrosing suture was placed urine appeared in the rectum, and urine i 
present in the bladder [Note — Urine was observed m the bladder m ' 
amounts after a bilateral ureterosigmoidoscopic procedure howeier, 
percentage of urine flowed into the rectum — R E B] From such s u 
ureterosigmoidal transplantation, which ha\ e been many and excellent, 
are gaining a better knowledge of the fundamental phjsiology and pa o 
the urinary tract after ureterosigmoidal transplantation 

I wish to say a word of caution about the use of any method m of 

be follow'ed by disturbing results If I remember correctly, the longest ^ 
any of Dr Brackin’s experiments was eleven months, and in one of these p 
experiments there was a little contracture 

Dr Ro\ E Brackin, Kenilworth, 111 Yes , that was a ,jrete 

ment, and the contracture was present on the left side, where in per o 
osigmoidostomy the ureter was dissected out and the peritoneum remoi ^ 

Dr Waltman Walters, Rochester, Minn But when the pentoneu 
taken off, the anastomoses persisted eleven months without contracture 
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Dr Ro\ E Brackin, Kenilwoith, 111 Yes, anastomoses were at least 3 mm 
in diameter 

Dr Waltmvn Walters, Rochester, Minn That is an important point, because 
with the necrosing suture method one always speculates whether ultimately con- 
tracture ma}" not occur at the point of anastomosis 

Dr Ro\ E Brackin, Kenilworth, 111 There has been some question by mj 
chief. Dr Gatewood, about the possible technical difficulties of apphing the 
method clinically It W’as found, how'ever, by postmortem measurements that the 
width of the sigmoid and mesosigmoid is greater at all ages than the space between 
the ureters at the site of transplantation 
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Cutaneous metastasis of carcinoma of the internal organs is of rela- 
tively infrequent occurrence We wish to emphasize that such metastasis 
may be limited to the scalp and that a diagnosis even of carcinoma of the 
internal organs may be established first by recognition of the cutaneous 
metastasis and by means of cutaneous biopsy 

We wish to report 4 cases m which cutaneous metastasis of internal 
carcinoma was limited to the scalp, and then to discuss briefly various 
conditions of the scalp with which the metastatic lesions might be 
confused 


REPORT OF CASES 

Case 1 — A white man 58 years old came to the Mayo Clinic m May 1925, for 
treatment of jaundice of three months’ duration He had noticed m the rig^t 
upper quadrant of the abdomen a mass which had increased m size He had os 
40 pounds (18 Kg ) during the three months before he was seen at the clinic ^ 

Physical examination established a jaundice of grade 2 on the basis of ^ 

The liver extended to the iliac crest, and the surface was hard and irregu ar 
palpation A diagnosis was entertained of carcinoma of the head of the pancre , 
with metastasis to the liver 

The patient had a large lobulated tumor of the right panetal margin 
scalp, about 4 cm in diameter There was also a small satellite nodu e,^ 
was removed for microscopic examination The histologic picture ivas 
grade 3 metastatic adenocarcinoma (fig 1-4) The tumor was 
the midportion and the lower portion of the cutis and was comprised o un 
entiated highly malignant tumor cells exhibiting numerous mitotic tumcc 

of the cells had assumed an alveolar arrangement No connection o 
cells with any dermal appendage could be demonstrated There was 
little inflammatory reaction 

The patient was given palliative radium therapy He died at horn 
1926 No postmortem examination was performed 

June 1931. 

Case 2 — A white woman 58 years old came to the Mayo montL 

because of weakness and exhaustion of four months’ duration The as 


From the Section on Dermatology and Syphilology, the ifajo ^ 
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she had noticed dull pain in the left upper quadrant of the abdomen, associated with 
constipation, loss of appetite, nausea and vomiting She had lost 21 pounds 
(9 5 Kg ) Recently her stools had become hard and very dark, although blood 
had not been recognized 

Examination revealed a firm mass in the left upper abdominal quadrant, extend- 
ing upward under the costal margin and posteriorly to the lumbar region There 
were also six discrete cystlikc tumors in the scalp, 5 to 10 mm in diameter, one 
of these tumors was ulcerating These lesions had first appeared eighteen months 
prior to admission to the clinic Two had been removed elsewhere and had been 
diagnosed as nonmalignant Microscopic examination of an excised nodule revealed 



a Fig 1 — Metastatic adenocarcinoma of the scalp A (case 1 , grade 3) shows 
infiltrate in the midportion and the lower portion of the upper part of the cutis 
and a tendency toward formation of alveoli, B (case 2, grade 4) shows large 
undifferentiated tumor cells just below a hair follicle, smaller inflammatory cells 
at both sides and deposits of mucin in the deeper portion of the cutis 

a tumor occupying all the layers of the cutis, with some inflammatory reaction at 
the periphery and with a central portion characterized by deposit of mucin, 
reiealed by special stains A diagnosis was made of metastatic adenocarcinoma, 
grade 4 (fig l B) 

Case 3 — A man 71 years old came to the Mayo Clinic in June 1937, because 
of nocturia and difficult urination of two years’ duration One week before 
admission he had noticed a small amount of blood in his urine 
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On the morning of admission he voided large amounts of bloody urine, pro 
gressed to a condition of shock and was hospitalized Later an intravenous 
urogram revealed the characteristic picture associated with tumor of the left 
kidney Further examination showed multiple hard, nontender nodules in the scalp, 
which were less than 3 mm in diameter and which the patient thought had been 
present for ten days He also had a ptosis of the left upper eyelid of two days’ 
duration, possibly the result of metastasis to the upper portion of the nucleus of 
the third cranial nerve Microscopic examination of an excised nodule of the 
scalp revealed the mass of the tumor in the lower part of the cutis to be composed 
of malignant undifferentiated cells containing numerous mitotic figures There 
was no tendency toward differentiation into glandular structures The nodule 
was surrounded by a dense layer of connective tissue, and the lymphatic and blood 
vessels were packed with malignant cells (fig 2 A) 


Case 4 — A white woman 58 years old was referred to the Mayo Clinic in 
October 1928 by Dr M G Fronske, of Flagstaff, Ariz In March 1928 she had 
first noticed small nodules in the scalp On consulting a physician in July she 
had been told that she had multiple sebaceous cysts The lesions had gradually 
increased in size On Sept 27, 1928 three of the nodules had been remoied and 
specimens sent to two different pathologic laboratories, of which one had reported 
the specimen to be basal cell carcinoma and the other had made a diagnosis of 
carcinoma arising from glandular structure 

The patient’s past history was without significance She felt well and had 
experienced no loss in weight or symptoms referable to any organic disorder 

Physical examination at the clinic revealed a small adenoma of the thyroid 
and a small cervical polyp, both of which were regarded as benign Results o 
roentgenologic examinations of the thorax, stomach and colon were repor c 
be normal Results of laboratory examinations, including urinalysis and stu les 
of the blood, were essentially normal Examination of the scalp revealed scars 
resulting from former excisions and two small firm nodules in the midhne, on^ 
of which was ulcerated The latter was excised for biopsy, and a diagnosis 
made of metastatic adenocarcinoma, grade 3 

Some pathologists at the clinic raised the question of the possibility 
cinoma of the sweat glands, a suggestion which seemed to be supporte 
essentially negative results of the general examination We reviewed the 
of both specimens for biopsy that had been removed elsewhere, and they cs- 
identical histologic changes 

Serial sections were made of the entire specimen for biopsy which we re 
from the scalp In many portions the tumor cells assumed configurations sug 
of carcinoma of the sweat glands (fig 2B), but it was not possible to 
any connection of malignant cells with sweat glands or sweat ducts jjibiting 
all portions of the cutis there was a dense mass of undifferentiated ce s 
numerous mitotic figures and showing a tendency toward an alveolar or a 
arrangement (fig 3 A) In several regions there was approximation 
invasion of the epidermis by the tumor cells (fig 3B), with resultant 
ulceration in one portion Many of the lymph spaces were distende 
atous cells, although no such cells were found in the blood vess s 
a moderate degree of inflammatory reaction, consisting of lymphocytic 
morphonuclear leukocytic infiltration and a slight increase of conn 



MONTGOMERY-KIERLAND— CARCINOMA OF SCALP 675 


about the nodule of the tumor Mucin was not revealed by special stains, a fact 
which tended to exclude the gastrointestinal tract as the primary focus 

Palliative roentgenotherapy was employed for the lesions on the scalp, and 
the patient was sent home In January 1929 Dr Fronske informed us that she 
had lost 5 pounds (2 3 Kg), that new lesions had appeared on the scalp and that 



Fig 2 — Metastatic carcinoma of the scalp A (case 3 , grade 4) shows undiffer- 
entiated tumor cells filling the lymphatic and the blood vessels, which are sur- 
rounded by a dense fibrous capsule in B (case 4, grade 3) , the arrangement of the 
cells suggests a carcinoma of the sweat glands 


s e complained of a constant pain in her thorax The patient died in March 1929, 
3 er deielopment of more nodules in the scalp and an increase in the pain in the 
Wax A roentgenogram of the thorax was reported to show carcinoma of the 
c t lung Shortly before death the patient began to suffer from severe jaundice 
with gastrointestinal symptoms Postmortem examination was not performed 
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METASTATIC CARCINOMA 

A cutaneous metastatic lesion has no characteristic clinical appear- 
ance Most of such tumors are nodular and circumscribed rather than 
of the infiltrative plaque type The nodules are usually discrete, round 
or oval and are moderately firm on palpation 

Suzuki ^ found that the lesions in 98 4 per cent of his cases and also 
the lesions in those cases he collected from the literature were of the 
circumscribed, nodular type Usually there is no attachment to the 



Fig 3 (case 4) — Metastatic adenocarcinoma of the scalp A s 
acter of undifferentiated cells, with many mitotic figures and a ten en 
formation of alveoli, B shows approximation to epidermis and invasion 
cells 


overlying skin Rarely is a patient encountered who has (jje 


^ Q Oi ^ 

dermatous-like plaques independent of carcinoma en cu -on, 

’ — - ^ diameter are relatively u«comnton, 


color or m 


breast Lesions more than 4 cm 

as IS also ulceration There are no diagnostic changes m 

pigmentation The lesions may be multiple or solitary 

f Internal Org®-' 

1 Suzuki, N Multiple Skin Metastases from Cancer o 

J Cancer Research 2 357-388 (Oct.) 1918 
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Cases of solitar}^ metastatic lesions, with or without satellite lesions, 
have been reported (case 1) Microscopically, the malignant cells are 
usually found m the lower portions of the cutis, with extension both 
upward toward the epidermis and downward towaid the subcutaneous 
tissue Ulceiation of the epidermis usually occurs as the result of pres- 
sure phenomenon rather than as the result of invasion of the epidermis 
by tumor cells Proliferation of the connective tissue and inflammatory 
reaction in varying degrees are associated with the metastatic nodules 

When results of staining procedures for mucin are positive, the 
implication is that the primar}' carcinoma probably is situated m the 
gastrointestinal tract Usual primary sites of internal carcinomas that 
have cutaneous metastasis are encountered, according to Gates,- m the 
lung in 12 per cent of the cases, in the stomach in 15 to 31 pei cent, in 
the uterus in 9 per cent and m the kidney in 9 per cent 

Cutaneous metastasis ma}' occur at any age, extensive cutaneous 
metastasis of thymic carcinoma having been reported as existing in a 
newborn infant ^ As a rule, metastatic lesions ai e encountered m 
patients in the later decades of life As to the frequenc}’- of cutaneous 
metastasis, statistics vary from less than 1 per cent to 2 7 per cent of 
cases ^ Gates emphasized that although most metastatic lesions in the 
cases she studied were confined to the region of the growth, some tumors 
had a predilection for the scalp, namely, 33 per cent of carcinomas of the 
breast and 20 per cent of other carcinomas The observations of Gates 
were substantiated by a review of the cases of cutaneous metastasis 
involving patients that have been seen at the Mayo Clinic, including the 
cases of carcinoma of the breast, which we have omitted fiom geneial 
discussion 

Keeney® stated that metastasis in the skin is a moie fiequent 
accompaniment of carcinoma of the trachea than it is of caicinoma of 
the larynx or of a bronchus 

Edel ® said he had observed that cutaneous metastasis fiom cancer 
of the intra-abdominal organs afflicted most fiequently those patients 
who had carcinoma of the stomach 

2 Gates, O Cutaneous Metastascs of Malignant Disease, Am J Cancer 
30 718-730 (Aug) 1937 

3 Bedford, G V A Case of Caicinoma of the Thymus with Extensive 
Metastasis m a New-Born Child, Canad M A J 23 197-202 (Aug ) 1930 

4 (a) McWhorter, J E , and Cloud, A W Malig nant Tumors and Their 

Metastases A Summary' of the Necropsies on Eight Hundred and Sixtj-Fne 
fascs Performed at the Belle^ue Hospital of New York, Ann Surg 92 434-443 
tSept) 1930 (b) Gates 2 

5 Keeney, E L Primary Carcinoma of Trachea with Cutaneous Carcinoma- 
tosis, Bull Johns Hopkins Hosp 61 411-420 (Dec) 1937 

6 Edel, E Ueber Hautmetastasen bei Magenkarzinom, Arch f Verdau- 
ungskr 53 402-415 (Maj) 1933, abstracted, Am T Cancer 21 134, 1934 
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We shall now consider various conditions with which metastatic car- 
cinomas of the scalp are most likely to be confused The simultaneous 
occurrence of multiple primary neoplasms both of the skin and of inter- 
nal organs is an infrequent but not a rare phenomenon, and is to be 
differentiated from metastatic lesions by concomitant observations’ 
Ordinary types of basal and of squamous cell epithelioma, with their 
characteristic early borders, and melanoepithehomas need only to be 
mentioned With rapidly growing metastatic melanomas in which pig- 
ment IS lacking, diagnosis may be difficult, clinically or pathologically 
More difficult is the distinction between solitary and multiple lesions of 
different types of lymphoblastoma involving the scalp, lesions which may 
arise primarily, from the skin itself, or secondarily, as a result of e\ten 
Sion from within In neoplasms of any type which show a grade 4 
degree of malignancy the cells may be so immature as to make it difficult 
to recognize or to distinguish between carcinoma and lymphosarcoma 
Tauber’s case ® may be regarded as an example of this difficulty 


SEBACEOUS CYSTS 

Sebaceous cysts, either solitary or multiple, occur most frequently on 
the scalp, and when they are calcified or fibrotic they may closely simulate 
in appearance and in firmness to palpation the nodules of metastatic car- 
cinoma Malignant change has been reported as occurring in sebaceous 
cysts in from 2 2 per cent to 3 4 per cent and even m 9 2 per cent 
of the cases In 15 per cent of such cases, basal cell epithelioma deve- 
ops The other lesions are squamous cell epitheliomas with a varying 
degree of malignancy These lesions should not be regarded as pro 
cancerous m the true sense of the term Sebaceous cysts must be is 


7 (a) Hanlon, F R Multiple Primary Carcinomas, Am J Cancer 

2012 (July) 1931 (6) Hurt, H H , and Broders, A C Multiple Primary Ma 

nant Neoplasms, J Lab & Clin Med 18 765-777 (May) 1933 

8 (a) Broders, A C Carcinoma in Situ Contrasted with Benign Penetra 
Epithelium, J A M A 99 1670-1674 (Nov 12) 1932 (6) Montgomery, 
Histogenesis of Basal-Cell Epithelioma, Radiology 25 8-23 (July) 193 

9 Tauber, E B , Goldman, L , and Barrett, C Mesenchymoma 

Type of Turban Tumor, Arch Derrrlat & Syph 37 444-450 (March) ^ 

10 Stone, M J, and Abbey, E A Sebaceous Cyst Its Importance 
Precancerous Lesion, Arch Dermat & Syph 31 512-515 (April) 19 

11 Caylor, H D Epitheliomas in Sebaceous Cysts, Ann Surg 

(July) 1925 5„rg 

12 Bishop, E L Epidermoid Carcinoma in Sebaceous Cysts, 

93 109-112 (Jan ) 1931 a U A J 

13 Collins, D C Carcinoma Originating in Sebaceous Cysts, Cana 

35 370-372 (Oct) 1936 ^rch 

14 Montgomery, H Precancerous Dermatosis and Epithelioma m > > 
Dermat & Syph 39 387-408 (March) 1939 
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tmguished also fiom keratomas and dermoid cysts Punctuie of the 
ordinary sebaceous c}St and expression of the odoriferous contents 
usually establishes the diagnosis Gates ^ mentioned that the cutaneous 
metastatic lesions of renal carcinoma are most likely to be mistaken for 
sebaceous cysts, especially in the scalp 

CYLINDROMA 

The term “cylindroma” includes the endothelioma capitis of Spiegler, 
turban tumor of the scalp, naevus epitheliomato--c)dindromatosu'!, naevo- 
epithehoma adenoides and various other names In its classic form of 
multiple pea-sized to egg-sized tumors which are limited to the scalp, the 
disease is not to be confused with any other condition 

Cylindroma, however, can occur in the form of a solitary lesion, as 
Binkley has emphasized Of 6 instances of the condition encountered 
at the Mayo Clinic, in 5 there was a solitary tumor, and in 3 of these the 
growth involved the forehead or scalp In 1 instance there were a typical 
cylindroma of the scalp and a typical epithelioma adenoides cysticum of 
the upper lip (fig 4 A and B) Ingels,^® working with one of us (Mont- 
gomery), and others^® have emphasized that all transitions between 
cylindroma, epithelioma adenoides cysticum, syringoma and even ade- 
noma sebaceum may be encountered in the same patient and even m the 
same lesion All four of these conditions may be regarded as benign 
types of basal cell epithelioma with a marked hereditary tendency,^® and 

15 (o) Broders, A, C and Wilson, E Keratoma A Lesion Often Mistaken 
for Sebaceous Cysts, S Clin North America 10 127-130 (Feb ) 1930 (&) Dealy, 
F N Wens, Am J Surg 36 132-136 (April) 1937 

16 (o) Ewing, J Neoplastic Diseases, ed 3, Philadelphia, W B Saunders 

Company, 1928 (6) Ronchese, F Multiple Benign Epithelioma of the Scalp 

(Turban Tumors), Am J Cancer 18 875-887 (Aug) 1933 (c) Stillians, A W 
Nevo-Epithehoma Adenoides (Cjdindroma) of the Scalp, Arch Dermat & Syph 
27 481-489 (March) 1933 

17 Binkley, G W Nae\us Epitheliomato-Cylindromatosus, Arch Dermat 

Syph 37 289-300 (Feb ) 1938 

18 Ingels, A E Epithelioma Adenoides Cysticum with Features of Syrin- 
goma, Arch Dermat & Sjph 32 75-85 (July) 1935 

19 (a) Cans, O Naevus Epithelioma-Cylindromatosus, in Histologie der 
Hautkrankheiten, Berlin, Julius Springer, 1928, vol 2, pp 295-303 (6) Savatard, 
L Epithelioma Adenoides Cysticum, Brit J Dermat 50 333-341 (July) 1938 
(c) Schuermann, H , and Weber, K Beitrag zur Kenntnis der Spieglerschen 
Tumoren (Cylindrome) nebst einigen Bemerkungen zum Epithelioma adenoides 
cjsticum. Arch f Dermat u Syph 175 682-695, 1937 id) StiUiansioc (e) Weid- 
nian, F D , m discussion on Stillians 1®*= 

20 (a) Wiedmann, A Weitere Beitrage zur Kenntnis der sogenannten Zylin- 
rome der Kopfhaut, Arch i Dermat u Syph 159 180-187, 1930 (6) Ingels 
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unless they aie subjected to repeated irritation and tiauma or to improper 
or incomplete removal they rarely, if evei, become malignant and 
metastasize 

Although cylmdioma is usually confined to the scalp, it may be 
encountered anywhere on the glabrous skin Spieglei stated that such 
tumors aie endotheliomas Other authois have expressed the opinion 
that the cells are derived from sweat glands,-^ sebaceous glands, surface 
epithelium or hair follicles,^- still others have said that they are 
derived from undifterentiated ectoderm In several instances, one of 
us (Montgomeiy) has been able to trace the connection of a cylindroma 
to the basal cells of the epidermis, and m none of the cases of cylindroma 



Fig 4 — Cylindroma of the scalp and a lesion on the lip of the same 
A, cylindroma (ne\us epithelioma cylindromatosis) of the scalp, depic in 
of small basal-like cells surrounded by hyalin-like membrane an ^ j[,e 
changes of individual cells within the lobules , B, lesion from the sPi ^ 
typical picture of epithelioma adenoides cysticum and the arranpme 
cells arising from the walls of dilated and hyperkeratotic hair fol ic cs, < 
cjstic changes 


1 the C'lm'ff®’” 

21 (a) Davies, J H T A Contribution to the Histologj oi m 

atous Tumours of the Scalp, Brit J Dermat 40 241-246 (June 
Jones, J W , Alden, H S, and Bishop, E L Turban Tumor, o 
Carcinoma So-Called Endothelioma of the Scalp, ReporJ: ° ^ 

Its Epithelial Structure, Arch Dermat & Syph 26 656-659 ( o 

22 (a) Pinknis, F, cited by Stilliansi®^ (&) Stilhans 

23 (o) Binkley (6) Weidman^^e 
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observed at the Mayo Clinic has any connection been established between 
cylindromas and mature sweat ducts oi sweat glands 

The histologic picture of cylindroma is that of a benign basal cell 
epithelioma The tumoi is composed of closely packed lobules and 
strands of cells which are surrounded by dense homogeneous hyalin-like 
sheaths, which Pinkus has likened to the membrane of the outer 
sheath of the hair root The cells within the lobules fiequentl}^ ariange 
themselves m alveoli oi in tubules, simulating sweat ducts and sweat 
glands (fig 5 A) C}stic and hyalin-like changes occui between these 
strands and also intracellulail}'- Mitotic figures are infrequent, and all 
the tumor cells are well foimed and show no appieciable evidence of 
immaturity as compared with the normal basal cells of the epidermis 

CARCINOMA OF THE SWEAT AND SEBACEOUS GLANDS 

Carcinoma of the sweat and sebaceous glands is among the rarest of 
dermatologic entities and has recently been reviewed by several authors 
It IS our impression, however, that many of these lesions have been classi- 
fied as carcinoma of the sweat glands on the basis of the piesence of 
so-called myoepithelium, whereas they were simply cylindromas 

In fact, Ricker and Schwalb failed to distinguish between cylin- 
droma and sweat gland epithelioma Cases reported in this country by 
Jones, Alden and Bishop seem to be definitely instances of 
cylindroma rather than of carcinoma of the sweat glands We have yet 
to observe a definite case of carcinoma of the sweat glands in which by 
serial section or by wax reconsti uction the tumor’s origin from mature 
sweat glands could be demonstrated 

Weidman and Besancon described an adenoma of the sweat glands 
occuriing on the shoulder of a patient, and also epithelioma adenoides 
cysticum of the face No connection could be demonstrated by serial 
section or wax reconstruction of the sweat gland adenoma wath the 

24 (a) Dupont, A Epitheliomas sebaces multiples a point de depart epider- 

inique, Bull Soc frang de dermat et syph 45 704-709 (May) 1938 (b) Favre, 

M , Josserand, A, and Martin, J F Cancers des glandes annexes de la peau 
Epitheliomas sudoripares et sebaces, in Daner, J , and others Nouvelle pratique 
dermatologique, Pans, Masson & Cie, 1936, vol 6, pp 768-786 (c) Flarer, F 
Considerations histogenetiques et chniques sur les epitheliomes cutanes de derna- 
tion glandulaire sudonpare, Ann de dermat et syph 6 1073-1106 (Dec) 1935 
(d) Loos, H 0 Die Carcinome der Anhangsgebilde der Haut, Arch f Dermat 

Sjph 174 465-510, 1936 (c) Muller, P Deux cas d’epitheliome sudonfere. 
Bull et mem Soc d chirurgiens de Pans 22 741-744 (Dec 5) 1930 

25 Ricker, G, and Schwalb, J Die Geschwulste der Hautdrusen, Berlin, 
S Karger, 1914 

26 Weidman, F D , and Besancon, J H Histologic Differences in “Syrm- 
eoma” of the Face and Shoulder, Arch Dermat 3. Siph 21 279-293 (Feb) 1930 



682 


ARCHIVES OF SURGERY 


mature sweat glands Thei e is a tendency to ascribe some carcinomas of 
the sweat glands to apocrine glands, again without morphologic proof 
of their origin from such glands 



Fig 5 — A, solitary cylindroma of the forehead, showing de jpo 

alv eolar arrangement of tumor cells simulating normal s\\ eat glare! 

hyaline changes occurring within tumor cells, B, carcinoma of undiff^’’ 

from the midportion of the back, showing transition of sebaceous c 
entiated squamous cells with manv mitotic figures 
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Loos mentioned that ti ue carcinoma of the sweat glands some- 
times occurs on the soles and the genitalia and in some instances merges 
with nevoid and hidradenoid types Metaplasia of sweat ducts to 
sebaceous cells and mucous glands can occur 

Loos spoke of local recurrence following excision, but distant 
metastasis is known Flarer declared that involvement of the 
regional lymph glands may be found Clinical distinction between car- 
cinoma of the sweat glands and that of the sebaceous glands is not always 
possible 

Various types of lesions have been described undei the teim “car- 
cinoma of the sebaceous glands ” Again, those lesions of the basal cell 
type, called “carcinoma sebaceum baso-cellulare” by the Fiench school, 
seem to be essentially varieties of ordinary basal cell epithelioma in which 
the basal cells of the epidermis oi of the membrane of the sebaceous 
glands may also participate in the process and m which some of the basal 
cells tend to differentiate to sebaceous cells rather than to basal or prickle 
cells These lesions may be legarded as relatively benign, as may 
also those arising from sweat glands or from sebaceous glands and from 
meibomian-Zeiss glands, and those in relation to sebaceous nevi and 
sebaceous adenoma and epithelioma adenoides cysticum Caicinomas of 
the sebaceous glands exhibit no diagnostic clinical features They are 
usually yellowish nodules and are most frequently found in the scalp, the 
neck and the axillas 

We believe that Cutler’s and Buschke’s estimate that adenocarci- 
noma has formed 2 per cent of all skin cancers probably sets too high a 
figure 

True carcinoma of the sebaceous glands, however, may occur as an 
adenocarcinoma, with or without features of squamous cell epithelioma 
of varying degrees of malignancy (fig 5 B) We have seen 4 such cai- 
cinomas of the sebaceous glands at the Mayo Clinic Two of these 
occurred on the back of the neck, and the otheis occurred about the 
genitalia Metastasis is of infrequent occurrence even m connection with 
this type of lesion 

SUMMARY AND CONCLUSIONS 

1 Cutaneous metastasis of internal carcinoma may be limited to the 
scalp Four cases of such metastasis are reported, in 1 of which diag- 
nosis was established only after microscopic examination of the metas- 
tatic nodule 

2 In regard to cutaneous metastasis, certain t} pes of internal cancer 
have a predilection for metastasizing to the scalp It is important to 

27 Walther, M, and Montgomen% H Sdiweissdrusentunior mil Epithelmeta- 
Pksie, Arch f Dermal u Sjph 163 420-426, 1931 

28 Cutler, M, and Buschke, F Cancer Its Diagnosis and Treatment, 
Philadelphia, W B Saunders Company . 1938 
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distinguish these metastatic lesions fiom sebaceous cysts, cylindroma 
and caicinoma of the dermal appendages Such differentiation may 
require caieful histologic study as well as consideration of the clinical 
histoiy and of the course of the lesions concerned 

3 Tiue caicinoma of the sweat glands is exceedingly rare Many 
lesions diagnosed as such piobably should be classified as cylindroma, 
which is essentially a benign lesion 

4 Caieful examination of the skin of the entiie body and especially 
of the scalp of the patient should be made in instances in winch an 
internal malignant process is suspected Histologic studies of the 
cutaneous lesions may establish a definite diagnosis without necessity 
for resorting to exploiatoiy opeiation or othei major surgical procedures 



CLINICAL CLASSIFICATION OF LESIONS OF THE 
LOWER EXTREMITIES ASSOCIATED 
WITH DIABETES 

A GUIDE FOR OPERATION AND THE LEVEL OF AMPUTATION 

FREDERICK W WILLIAMS, MD 

AND 

THOMAS J O’KANF MD 

NEW yOKK 

Lesions of the lower extremities associated with diabetes can be 
classified by purely clinical methods This classification can be used 
as a guide for operation and will indicate which lesions 

1 Can be treated conservatively 

2 Require operation 

3 Present urgent indications for treatment 

4 May be incised safely 

5 Will heal with amputation of the toe 

6 Require amputation at the calf 

7 Require amputation at the thigh 

Until recently, all the lesions have been vaguely grouped under the 
term “diabetic gangrene ” The first suggestion of classification was 
made by Root and McKittrick when they called attention to the fact 
that some lesions are vascular and some infectious In the light of 
recent progress in the diagnosis of diseases of the peripheral vascular 
system and our own observations in many cases,^ we have elaborated a 
practical clinical routine of examination From the application of this 
careful examination we have derived our classification and guide for 
surgical procedure 

CLASSIFICATION 

The lesions consist of two fundamental pathologic elements 
(I) arterial insufficiency (due to sclerosis) and (2) infection 

1 Williams, F W , and O’Kane, T J Mortalitv in Surgical Diabetes 
Criteria and Technique in Extremity Lesions , Fi\ e \ ear Studj of Four Hundred 
and Nmetj-Six Cases, Surg, G\ncc &. Obst 64 956-963 (Ma\) 1937 O’Kane 
T J , and Williams, F W Care of Diabetic Extremiti Lesions, S Clin North 
America 18 369-377 (April) 1938 
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To classify lesions consisting of two elements there must logically be 
three classes (table 1) 

1 Purely vascular (“four plus”) 

2 Purely infectious (“four plus”) 

3 Mixed 

Mixed lesions, consisting of combinations of both elements, must be 
considered according to the degree in which each element is present 
(arterial impairment and infection) We feel that arterial insufficiency is 
more important and therefore have arbitrarily subclassified the mixed 
lesions according to the degree of arterial impairment in an infected 
limb (table 1) 


Table 1 — Classification of the Lesions of the Lower Extremities 
Associated with Diabetes 



Criteria 

Vascular (‘ Tour plus > ascular") 

f Maried artenal insufHcicncy 

1 Initial (tanftrene 

1 No infection 

f “Three plus vascular’ 

1 

f Marled arterial insuflicleDcy 
-1 Initial gangrene 

1 Infection superlmnoBed 

1 

1 

Mi\ed { “Tiro plus \ asoular” 

1 

f Moderate artenal insufflciency 

1 Initial infection 

1 GaD??rei3e sup^rliDDoseo 

! 

1 

1 “One plus vascular” 

f Slight artenal lusufflclencr 

1 Initial infection 

1 No gangrene 

Infectious (‘ Tour plus infectious”) 

f No arterial insuffleiener 

1 Initial infection 

1 No gangrene 


A lesion presenting marked arterial insufficiency with infection is 
called a “three plus vascular mixed lesion ” 

A lesion presenting moderate arterial insufficiency with infection is 
called a “tvo plus xascular mixed lesion ” ^ 

A lesion presenting slight arterial insufficiency with infection is 
a “one plus vascular mixed lesion ” 

Clinically these lesions m the great majority of cases have typ 
histones and courses 

CRITERIA 

The criteria for the classification are as follows (table 1) ^ 

1 Finely Vascular Lesions — There is evidence of in 

insufficiency', these lesions are initially gangrenous (death o 
toto) and infection is not piesent (fig 1) 
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2 Pia ely Injections Lesions — There are no signs of arterial insuffi- 
ciency The lesion is initially infectious There is no gangrene (fig 2) 

3 Mixed Lesions — (a) Three Plus Vascular Mixed Lesions There 
are marked signs of arterial insufficiency with infection (fig 3) These 
lesions are m the great majority of cases initially gangrenous They 
usually are lesions which weie at first purely vascular (fig 3 A) and 



Fig 1 — A, purely \ascular superficial lesion B, purely lascular localized lesion 
C, purely \ascular extensne lesion D, purely vasculai, very extensne legion 


while waiting for demarcation became infected (fig 3 B) Occasionally, 
houe\er, a case is seen in w'hich there are signs of marked basic artenal 
insufficiencj" and an infection but not gangrene In such a case there 
IS usually adequate collateral circulation, but such cases are rare 

(f>) Two Plus Vascular Mixed Lesions There are moderate signs ot 
arterial insufficiency with infection In the great majority of these 




688 


ARCHIVES OF SURGERY 


cases, the process starts as an infection, and the edema and swelling 
concomitant with infection cause impairment of the collateral circulation, 
by compression and superimposed gangrene (fig 4) 



Fig 2 — Purely infectious lesion The patient was a Negro 



A B 


Fig 3 — A, initaal lesion, purely \ascular and localized B, 

“three plus vascular mixed " The infection was superimposed on ' 
gangrene 


(c) One Plus Vascular Mixed Lesions There are slight 
arterial insuffiaency with infection In the great majority o 
the process is initially an infection which progresses or nca s - 
but in w'hich gangrene does not develop (fig 5) 
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F:g 4 — Lesion (“two plus vascular mixed”) was originally an infected corn 
The patient was a Negro There was edema of the dorsum of the foot, which 
compressed the collateral vessels, causing gangrene (proximal) 



5 — “One plus vascular mixed” lesion Slight impairment of the circulation 
retarded the healing of an infected corn, but gangrene did not occur 



Table 2 — Diagnostic Criteria for Lesions of the Lower Extremities Associated with Diabetes 
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Thus, it IS leadily understood that the lesions occurring in diabetic 
extremities may be simply classified according to the degree of arterial 
impairment and infection and the course of the lesion 


CLINICAL ROUTINE 

Table 2 is an outline of the routine clinical examination by which we 
determine the degree of arterial impairment and the severity and extent 
of the infection Undei “Signs and Symptoms” we have tabulated the 
clinical observations made routinely in our cases These include systemic 
and local findings The important systemic findings are age, concomitant 
disease and evidences of sclerosis and infection The local findings 
include all clinical observations of the lesion and of the foot and leg for 
study of the vascular and infectious condition The center column 
indicates whether the observation is for a vascular or for an infectious 
lesion These observations have been tabulated against the classifica- 
tion In the vertical columns, undei each class of lesion is an adverb 
of degree giving a conception of the frequency of occurrence of the find- 
ing If one reads each column of the table from the top down, under 
each class one reviews a series of clinical observations, and these form 
a definite clinical concept which fits the classification In this manner, 
we are able clinically, without instruments, to arrive at a definite con- 
clusion as to the degree of arterial insufficiency and the severity an 
extent of infection 


GUIDE FOR SURGICAL TREATMENT 

In considering surgical treatment of lesions of the lower extremities, 
we feel that the classification given serves as an excellent guide When 
operation is indicated, it must be done only at a level where the circu a 
tion IS competent to cope with the trauma of operation The severity 
and extent of the infection must also be considered in deciding w u 
procedure is indicated , 

With these concepts in mind, the classification may be considere 
guide for operation (table 3) 

The great majority of purely vascular superficial lesions (fi& 
do w ell without operation Great care must be taken to avoid m ec lO 
These lesions take a long time to heal but do heal eventually 
With purely vascular lesions which are localized (fig 1 ■^) 
or to part of a toe, there is no urgency if they remain uninfected 
do not show signs of demarcation and autoamputation after a su 
time amputation is indicated The circulation will not permit a 
tion of the toe, howev er The level of the calf or that of the t ig 
be selected, depending on the results of circulatory examination 
limb For the extensive (figs 1 C and ID) purely vascular ^ _ 

if thej extend above the base of the toe (fig 2), prompt amp 
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at the calf oi at the thigh is indicated, the level of amputation depending 
on the circulation 

For the purel)^ intectious lesions, with the basic circulation good, 
the suigical indications are quite different Superficial, localized and 
spreading infections are treated by conservative methods or by incision 
and drainage This must be carefully done to avoid trauma, maintain 
circulation and assuie drainage 

To the mixed types of lesions the same principles apply The infected 
area must be drained or removed and the circulation must be adequate 
to \Mthstand the trauma of operation and to facilitate healing The 
three plus ^asculal mixed lesions (fig 3) are the most dangerous 
There is marked vascular impairment together with infection, and there- 

Table 3 — Suigical Pioccduies in the Light of the Classification of Lesions of the 
Lower E\tt cmtUes Associated with Diabetes 



Oharacter of 


Classification 

Lesion 

Surgical Procedures 

■V ascular 

Four plus vascular' 

Superficial 

Localized 

Extensive 

Ro operation 

Amputation at call if collateral circulation is good 
Amputation at thigh (urgent) 

Mived 

Three plus vascular” 

Spreading 

Amputation at thigh (urgent) 

‘Tv 0 plus vascular” 

Spreading 

imputation at calf (urgent) 

"One plus \ ascular” 

Superficial 

Localized 

Spreading 

Lo operation 

Incision and drainage amputation of toe 
Amputation at calf (urgent) 

Infectious 

Tour plus Infectious'* 

Superficial 

Localized 

Spreading 

Ko operation 

Incision and drainage 

Incision and drainage (urgent) 


foi e amputation at the thigh is urgently i equii ed The two plus vascular 
mixed lesions (fig 4), because of the bettei circulation, can in most 
cases be amputated at the level of the calf The only exception occurs 
when the infection has already spread to the calf , in such a case, 
amputation at the thigh is indicated The one plus vascular mixed lesions 
when superficial (fig 5) may heal under conservative treatment If 
localized, the)’- sometimes lequire incision or amputation of the toe If 
spreading, thev require amputation at the level of the calf 

These indications are all shown in table 3 The basic principle is an 
estimation of the degree of arterial insufficiencv and the severity and 
extent of infection 

SUM WARY 

Lesions of the lower extremities associated with diabetes can be 
clinicalh’' classified without instrumental obsenations This classifica- 
tion IS based on the degree of arterial insufficiency and the sei eriti and 
extent of infection and selves as a guide for operation and the leiel of 
imputation 




PERSISTENCE OF MECKEL’S DIVERTICULUM 


REPORT OF A CASE 


CALVIN B RENTSCHLER, MD 
Chief of General Surgery, Reading Hospital 

READING, PA 

* ’ 

Persistence of Meckel’s diverticulum is exceedingly infrequent 
Indeed, American textbooks on surgery never mention it Barrington 
Ward,^ however, has given an excellent description of the condition 
Because of its infrequency as well as its apparently total omission in 
American textbooks on surgery, I consider it well worth while to present 
the following case 

History — 'W S , a boy aged 3 months, was admitted to the Reading Hospital 
June 14, 1939 The chief complaint was that the umbilicus had never healed an 
that a bright red lump shaped like a cherry was present A brown fecal discharge 
was constantly present, so that a bandage was necessary all the time 

The previous medical history was irrelevant The child had been born by norma 
spontaneous labor He took his feedings well He was given cow s milk an 
goat’s milk with his breast feeding at night His growth and gain in weig t ^ 
been normal There was no vomiting, and the bowels moved well 


Evaimnatwn — The baby was generally well nourished and did not appear 


ill 

^ vu X iiv; Ufxuy wad vvviii *o***-v^ -- rrt . 

The head was symmetric, with no tenderness The aural canals were 
scleras were clear , the pupils were round and equal and reacted to light 
was no nasal discharge or nasal obstruction The gums were of good color 
were no teeth The tongue was clean and the pharynx not injected There was 
adenopathy The chest was sjmmetnc, the expansion was good and was eq 
the two sides The breath sounds seemed normal, with no rales The ear 
not seem enlarged, and the sounds were of good quality, w'lth no murmurs 
abdomen generally was of normal size and shape Peristalsis was actne 
normal There w'ere no areas of tenderness The liver and sple^ 
palpable At the umbilicus there was a moist, bright red, cherrj -shaped 
From a small dimple in the mass there exuded a thin greenish brown me 
with a fecal odor The external genitalia and the extremities appeared 
The urine was normal A complete blood count showed hemoglo to, 
cent, red cells, 3,760,000 per cubic millimeter, white cells, 8,9o0 per 
meter , color index, 1 , polymorphonuclears, 41 per cent, and small mono 
59 per cent 

Diagnosis — A tentative diagnosis of persistence 
patent throughout and at either end, was made uinbilmsl 

A no 8 soft rubber catheter was easilj inserted into the dimple m i 
mass Approximatelv 50 cc of a thin solution of barium sulfate was mj 

■ j 2 

1 Barnngton-V'ard, L The Abdominal Surgeo of Children, e » 

Oxford Unnersitv Press, 1937, pp 21-23 and 257-273 
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the catheter with great ease and with no sign of obstruction A lateral as well as 
an anteroposterior roentgenogram was taken (see accompanying illustration) 
Ope) aticm — Local anesthesia was induced and was aided by a whiskj and sugar 
pacifier At the beginning of the operation the dimple-like opening in the mass 
was ligated A circular incision was made in the skin of the umbilicus, close to 
Its injunction with the red mass of everted diverticulum The diverticulum was 
cautiously separated from the umbilical tissue and was easily pulled up approxi- 
mately 2 to inches (5 to 6 3 cm ) to a point where it came off from the ileum 
at right angles from the convex portion of the bowel The diverticulum was 
removed by clamp and cautery, and the base was doubly ligated The bowel 
was dropped into the peritoneal cavity The abdominal opening was closed trans- 
\ersely with interrupted sutures The skin w'as closed with three klichel clips 
Pathologic Examination — Macroscopic Picture The specimen consisted of a 
piece of tissue removed from an umbilical opening The specimen w’as in the form 
of a tube measuring S cm in length by 1 4 cm in diameter, to one end of which 



A, lateral roentgenogram of a child with a persistent Meckel diverticulum 
B, anteroposterior view 

was attached a circular piece of skin 3 5 cm in diameter and 0 8 cm in thick- 
ness The outer surface of the tubular portion was covered bj serosa and con- 
tained a lumen which was patent to a probe The inner surface resembled mucous 
membrane There was no gross evidence of pathologic change 

Microscopic Picture Transverse sections of the tubular portion of tissue showed 
It to be composed of serosa, two lajers of muscularis, submucosa and mucosa 
All the lavers were intact There was moderate congestion of the muscularis and 
01 the serosa The lumen contained a mucoid secretion and some cellular debris 
There was no evidence o: mflammatorj or malignant change The diagnosis was 
patent vitelline duct 

Postoptratn'c Course — The convalescence was entirelv uneventiul The patient 
was discharged irom the hospital Julv 1 The general condition was excellent, 
and the wound was entirelv healed At the time oi this report, one and a hah 
months attcr discharge irom the hospital, the child continues to be normal 


EFFECTS OF PRESSURE ON TISSUES 


BARNEY BROOKS, MD 

AND 

GEORGE W DUNCAN, MD 

NASHVILLE, TENN 


The fact that varying degrees of tension exist within the tissues under 
normal conditions is obvious from the general knowledge of such phe- 
nomena as the gaping of wounds and the protrusion of tissues through 
defects m the capsules of organs or enveloping sheaths of fascia The 
fact that secretions of the organs may accumulate to the point of 
considerable tension in a reservoir such as the gallbladder or the urinary 
bladder is well known to every surgeon The degree of tension existing 
within the vascular system and the intracranial cavity is a well known 
measure of differentiation between health and disease To appreciate 
the fact that relatively great pressure is at times exerted on living 
tissues under normal conditions, it is only necessary to realize that 
when walking a man weighing 185 pounds (84 Kg ) exerts on the 
soles of his feet from the weight of the body alone a pressure in excess 
of that needed to support a column of mercury 500 mm in height 

That pressure applied fiom without or developing from within living 
tissues IS the cause of pathologic changes is illustrated by the devas 
tating desti uction associated with decubitus ulcer or by the atrophy or 
absorption of tissues about progressively enlarging tumors The rapi 
development of alterations of tension within the tissue is presuma^^ 
responsible for the pain associated with many infectious lesions, a 
the increase of tension m tissues enclosed by rigid fascia to approxiw 
diastolic blood pressure is probably responsible for the throbbing 


a felon 


Not only is pressure an important factor in many of the _ 

particular interest to the surgeon, but it is almost a universal accomp 
ment of surgical therapeutics Every surgeon is familiar with tie 
sibihty of pressure sores resulting from the application o j 
dressings and with the distressing condition known as ^ 
ischemic contracture which may be produced by the encircling ® 
too tightly applied He should also be aware of the fact t 
suture, every ligature and every use of an artery forceps or 


results in the application of pressure to living tissue 

Another phenomenon m clinical surgery uliicli has canie 

ot interest is the apparent great difference in the effects o 

From the Department of Surgeri, Vanderbilt Unnersitv School 
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amounts of pressure applied to free and to pedicle skin transplants 
For example, in a routine radical operation for carcinoma of the breast, 
in which both free and pedicle skin transplants are used m the same 
wound, the amount of pressure necessary to preserve a piece of free 
transplanted skin often causes necrosis of the transplant which remains 
attached to the thoracic wall The fact that this phenomenon has been 
observed by others is indicated by the presentation of a paper at a recent 
meeting of the American Surgical Association, in which it was stated 
that with large scalping wounds in which the uplifted skin is attached 
by a small pedicle the replaced flap of skin stands a better chance of 
survival if all the pedicle is divided ^ 

In spite of, or perhaps because of, the facts that pressure, tension, 
stress and strain are alwa}'S piesent in living tissues and often are 
an obviously influential factor m the production of disease and that they 
universally accompany the therapeutic methods peculiar to suigeiy, 
little has been written on this subject Hunter- was awaie of 
certain pathologic changes resulting from pressure and was suffi- 
ciently interested in the subject to preserve in the museum specimens 
illustrating the conclusions which he had reached He attempted to 
differentiate the effects of pressure applied from without from the effects 
of pressure applied from within He stated that pressure applied from 
within produces atrophy of tissues, m sharp contrast to the hypertrophy 
of tissues which follows application of pressure from without He 
mentioned as an example of the former the atrophy of tissues about a 
growing tumor As an example of the latter he referred to the formation 
of calluses and bursae at the sites of external application of pressure 
He recognized that extraordinarily prolonged applications of pressure 
from without might produce necrosis or atrophy 

Paget® discussed I-Iunter’s ideas concerning the effects of pressuie 
and stated that this was a rare instance m which Hunter was wrong 
Paget stated the belief that it is not the direction m which pressure is 
made but the constancj^ of its application which determines its effect 
and that intermittent pressure pioduces hypertrophy and constant pres- 
suie produces atrophy It just so happens, he stated, that intermittent 
piessures aie usually fiom without, nhile constant pressures are usualh 
fiom nithm 

The effects of pressure per se on certain phj siologic pi ocesses ha\ e 
been studied extensively Cattell ^ revieued the preiious liteiaturc 

1 Farmer, A W Ann Surg 110 951, 1939 

2 Hunter, J The Complete Works of John Hunter, edited bv J F Palmer, 
Pliiladelphn, Haswell, Barrington Haswell, 1841, p 441 

3 Paget J Lectures on Surgical Pathologi, ed 3, Pliiladelphia Lindca\ S. 
Blakislon, 1865 

4 Cattcll, M Biol Re\ 2 441, 1036 
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dealing with the physiologic effects of pressure on tissue in experiments 
under conditions in which the effect produced could be attributed 
only to pressure and not to the interference with receipt or elimination 
of the products of cell metabolism The experiments were performed on 
isolated tissues, enzymes and unicellular organisms The pressures 
used weie applied through a fluid medium, and a pressure of 250,000 
pounds (113,500 Kg ) to the square inch was necessary in some experi- 
ments to produce significant change in cell function 

Rabl ° applied external pressure to the long bones of rabbits by 
means of springs and rubber bands He obtained resorption of a tliin 
layer of underlying cortex and a formation of bone adjacent to this 
area of pressure resorption The amount of pressure applied was not 
measured 

The transmission of pressures from the surface to the deeper tissues 
was a matter of mteiest in the development of the present method of 
measurement of blood piessure in clinical medicine Von Reckling- 
hausen ® called attention to the relation between the surface area to 
which the pressure is applied and the depth of its transmission and thus 
explained the fallacy of the high blood pressure estimations previously 
made with narrow cuffs 

Larsen ' performed experiments in which it was shown that massive 
necrosis ot the shaft of bone could be produced by measured increase 
m intramedullary pressure These experiments indicate the possi i ity 
that increased intramedullaiy pressure resulting from an acute infectious 
process is an important factor m determining the characteristic pathologic 
changes associated with acute osteomyelitis 

The piesent experiments were undertaken for the purpose 
mining the influence of known amounts of pressure applied for 
lengths of time on various specific tissues m living animals 


of deter- 

measured 


SIATERIAL AND METHOD 

The experiments were performed on the tail of the albino rat for the foil 
reasons pj 

1 The animal may be easily restrained so as to permit the apphca 
known pressures for relatively long periods of time 

2 The rat’s tail is remarkably uniform m shape, diameter and length 

3 The small thickness of the rat’s tail permits the transmission, 
loss, of surface pressures to the deeper structures 

4 The rat’s tail gives an opportunity of studying the effects of bone, 

and its appendages, subcutaneous tissue, muscles, tendons, fascia, ig 
cartilage, blood vessels and nerves (fig 1) 


5 Rabl, CRH Arch f klin Chir 145 515, 1927 

6 von Recklinghausen, H Arch f exper Path u Pharmako 

7 Larsen, R M Ann Surg 108 127, 1938 
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Fig 1 — Photomicrograph of a cross section of the rat’s tail, showing the 
normal anatomic relation, A represents a large \entral artery , A^, small lateral 
and dorsal arteries , B, veins , C, muscle , D, tendon , E, nera e , F, caudal \ ertebra , 
E, skin , H, hair follicle and sebaceous glands 



2 — ■Roentgenogram of the arteries in the normal rats tail The abdominal 
aorta Mas injected with a suspension of barium suliate Note the large \entra! 
artcrj and the smaller dorsal arter\ The two lateral arteries -'re \isible in the 

■anteroposterior \iew 
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5 The anatomy of the blood supply to the rat’s tail is not complex (fig 2) 
The only part of the rat’s tail to which presumably surface pressure could not be 
applied IS that portion within the caudal vertebra 

6 The rat’s tail is particularly suitable for both gross and microscopic 
examination 

7 Blood pressure in the rat’s tail has been determined in a large number of 
experiments by Williams, Wegria and Harrison® and found to be remarkablj 
constant, ranging between 110 and 130 mm of mercury 



Fig 3 — Photograph of the apparatus for application of continuous p 
A represents the plethysmograph , B, the rat’s tail , C, the rat ho er^ 
experiments a greater length of the rat’s tail was in the plethj smograp 
shown in the photograph 


The animals emplojed weighed from 115 to 170 Gm Thej a The 

a holder similar to that described by Williams, Harrison and ro m 

_ Tj The Relatiou c 

8 Williams, J R, Jr , Wegria, R, and Harrison, T K 

Renal Pressor Substance to Hypertension of Hydronephrotic Rats, 

62 805 (No^ ) 1938 

9 Williams, J R, Jr , Harrison, T R, and Grollman, A J 
tion 18 373, 1939 
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holder consisted of two telescoping' brass cylindnc cups, in the bottom of one 
of which there was a hole through which the rat’s tail protruded The bottom 
of the othei cup was formed by copper scieening The pressure was applied to 
the tail by means of a pleth 3 'smograph consisting of a tube similar to the outer 
jacket of a Liebig condenser, through which was passed a thin-walled rubber tube 
securely attached at each end Two side connections were provided, one for a 
mercury manometer, the other leading to a supply of compressed an thiough a 
mercury column ^ahe for maintenance of constant pressures over long periods 
After the rat’s tail had been placed within the rubber tube, pressure was applied 
by admission of air to the space between the glass and the rubber tube (fig 3) 

One hundred and fifty experiments were performed The pressures applied 
varied from 20 to 1,419 mm of mercury The peiiods for which pressure was 
applied varied from three to foitj eight hours After removal of the rats from 
the apparatus, the animals vere observed for periods as long as three months 
Microscopic sections ha\ e been obtained from the \ arious stages of pathologic 
change observed 

RESULTS 

The pathologic changes produced weie uniform in charactei but 
varied somewhat in time of appeal ance The gross changes produced 
varied from slight ledness of the distal poition of the tail through vari- 
ous aegiees of swelling and ulceiation to massive necrosis and spon- 
taneous amputation 

The pin pose of the first gioup of expeiiments was to determine the 
minimum time and pressuie requued to pioduce massive neciosis m 
every instance This lesult was considered a standard from which the 
nature of subsequent expeiiments could be determined 

In these experiments healthy animals weie used, and an attempt 
was made to prevent piolonged experiments from seriously mterfeimg 
with the nutrition of the subjects Paiticulai care was taken to prevent 
dehydration by providing an adequate supply of water, and all of the 
expeiiments were cairied out at room temperature 

The results of the experiments summarized m the accompanying 
table show that a piessiire of 130 mm of mercury applied for eighteen 
houis pioduced massive necrosis m every instance If the same pressure 
was applied foi seventeen houis, gangrene was produced m 7 of 9 
experiments If the piessuie was reduced to 120 mm and applied for 
seventeen hours, massive gangrene occurred in 2 of 5 experiments 
Massive gangrene ivas not produced by any pressure applied for less 
than seventeen houis 

Gangiene of the entiie tail w'^as also pioduced in every instance by 
maintaining a pressure of 100 mm of mercurj' foi fortj’^-eight hours 
A pressure of SO mm for foi t 3 ’’-eight hours pioduced gangrene in 4 
of 7 experiments 
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In the expel iments in which gangrene was pioduced m seventeen 
or eighteen houis, the rat’s tail showed some discoloration at the time 
of removal from the plethysmograph (fig 4 A) Aftei a few hours a 
progressively inci easing edema appeared, and m some instances areas 
of ulceration appeared during the first two or three days, after which 
the tail began to show evidence of desiccation, usually beginning at the 
tip (fig 4 B) The time required for complete dry gangrene and spon 
taneous sepaiation vaiied fiom thiee to eighteen da)''s 

In animals in which gangieiie was pioduced in fort} -eight hours 
by a pressure of 100 mm of mercuiy the tail appeared more discolored 


Results of Piesstne of Vaiymg Degiee and Dihaiwn 
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at the time of removal, and less edema developed The averaj,e 
required for desiccation and spontaneous amputation was mu’ 

the same as in the experiments in which a pressure of 120 to 
was applied for seventeen to eighteen hours 

In some experiments in which the factors of pressure and 
been adequate to insure the development of gangrene it ivas 
the tail V ould bleed if sectioned at the tip as long as forty-eig 
after removal from the plethysmograph In 5 experiments m " 
rat’s tail had been subjected to the standard conditions 
the production of massive gangrene, the animals were killed 
twenty-four hours and fortj^-eight hours after remoi al from t le 
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mograph and the abdominal aorta was injected with a suspension 
of barium sulfate m water Roentgenograms of the tail showed in each 
instance all of the major arteries of the tail patent (fig 5) 

The pathologic changes resulting from the application of pressure 
for periods insufficient to produce massive necrosis of all the tissues are 



Fig 4 — A, photograph of the rat’s tail immediately after remoral from the 
pletln smograph A pressure of 130 mm of mercury had been applied for eighteen 
hours There is only slight discoloration The part of the tail subjected to 
pressure subsequently became gangrenous B, photograph of the rat’s tail t\\ o daj s 
after remoral from the plethysmograph in the same experiment Note the extensire 
gangrene Spontaneous amputation subsequentlj occurred 

of equal importance and perhaps greater interest than determination 
of the time and pressuie necessary to produce massire gangrene 
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Excessive piessuies, e g, 1,419 mm of meicur}^, ma}^ produce 
evidences of slight damage to the tissues m as short a time as four 
horn s, but 111 genei al it ma)^ be said that pressures considerably in evcess 
of arterial tension, e g , 200 mm of mercur}'-, may be applied for as much 
as SIX houi s without producing any gi oss anatomic change other than a 
peiiod of hyperemia and slight edema If, howevei, pressures in excess 
of 70 mm of mercui}' aie applied foi periods longei than twelve hours, 
unmistakable anatomic pathologic changes almost universally result, 
although the distribution of these changes among the several tissues and 
the degree of change m any one tissue are not constantly produced b} a 
pai ticulai combination of pi essui e and duration of application 

Pei haps the most constant change observed in these experiments 
was epithelial hyperplasia m both the epidermis and the cutaneous 
appendages, producing greatly increased scaling and the formation of 



Fig S — Roentgenogram of the rat’s tail in an experiment in which 
was injected with a suspension of barium sulfate forty-eight hours after 
of the tail from the plethysmograph, in which a pressure of 130 mui o ni 
had been applied for eighteen hours Note that the injection mass has 
three largest arteries approximately the same as a similar injection in a 
control animal (shown in figure 2) 


thick crusts After exfoliation of the crusts the tail lost its 


natural 


cutaneous markings and became slick Microscopic sections s i 
marked increase m the thickness of the epithelium of the s m, 
follicles and sebaceous glands The epithelial cells showed tie 
changes accompamung an active hyperplasia The changes m 
hum were most marked m the expeiiments m wdiich the factors 
sure and time W'ere only slightly short of those necessar}’ to p 

gangrene (fig 6) „ct became 

The changes produced m muscle -were of particular in er 
of their bearing on the previously debated pathogenesis o 
contracture following the application of constricting dressings 
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equalty to all of its structures In 2 experiments the successive stages 
ot the development of fibrosis, for the most pai t confined to the muscles, 
were studied m portions of the tail removed at intervals after the applica- 



Fig 7 — Photomicrograph showing replacement of muscle by fibrous 
represents a tendon, B, degenerating muscle cells, C, fibrous of 

Section was made eleven daj's after subjection to a pressure of 


mercury for fourteen hours 


tion of pressure The most marked muscle fibrosis was o 
experiments m w'hich pressure w'as applied for fourteen to sixteen 
In such experiments it was observed that the rats’ tails were app 
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The results obtained m these experiments in which ^anemia was pro 
duced by direct pressui e on tissues bear a definite relation to the results 
of the experiments of one of us (Biooks“), in Avhich the effects on 
muscle of anemia pioduced by touiniquets and ligations of arteries and 
veins were studied It was found that gangrene was produced in a dog’s 
leg by the application of a touimquet foi seventeen hours and that 
fibrosing myositis could be pioduced in a single muscle by venous 
obstiuction if there was no arterial obstiuction This pathologic change 
was concluded to be initiated by capillary damage pioduced by greatly 
increased intracapillary piessure It was also concluded that fibrosis 
could be produced by temporary complete anemia if the period of anemia 
was just long enough to pioduce capillary damage It was pointed out, 
however, that the lelatively small difference in the duration of arterial 
obstruction requiied to produce selective capillary damage and that in 
which massive necrosis would ensue and the ease with which sclerosing 
myositis could be pioduced experimentally by obstiuction of veins made 
it seem most likely that most of the ischemic contractuies observed m 
clinical practice would be pioduced by the lattei method 


CONCLUSIONS 

The results of the expeiiments desciibed in this paper justify the 
following statements It is worth emphasizing again that these expen 
ments deal only with the tempoiar};- application of piessure for perio 
of less than forty-eight hours, aftei which all pressui e is removed 

1 Pressures compaiable to those developing spontaneously vithw 
01 commonly applied fiom without the living animal produce patliolo^c 
changes not because of piessure pei se but because of obstruction 
the circulation 

2 The period of viability of tissues i endered completely anemic b) 
pressure under the usual conditions of health, temperature and mam^ 
tenance of normal nutrition of the animal is remarkably constant 
seventeen to eighteen hours 

3 ^^hth the application of pressures sufficient to pioduce 
changes, the duration of the pressure is of more importance n 
amount 

4 Pressure only slightly belorv that necessarr to render a 
anemic may result in massive necrosis if the tune of application 
longed In general, the prolongation of time necessary to pro 
result is relatnely greater than the diminution of pressure 

10 Brooks, B Pathologic Changes in Muscle as a Result 
Grculation An E-vperimental Study of Volkmann’s Ischenuc ara 
Surg 5 188 (July) 1922 
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to take phcc The clniiges in plasma tolunie wcic determined bj tlie technic of 
Gibson and E\ehn^ 

RESULTS 

A Dccoinpi csslou by Suction — The loss of plasma aftei four to 
five houis of distention at a piessuie of 20 cm of watei m a gioup 
of 7 dogs (pieviousl}'’ lepoited on) aveiaged 35 per cent^ Main- 
tenance of the same level of inlialuminal pressuie thereaftei was accom- 
panied by a continuing loss of plasma, which i cached S5 pet cent of 
the initial volume shottly befoie death 

In evpeiiment 1 of the present senes (see accompanying table, 
section A) the loss of plasma after four houis of distention at a pres- 
suie of 20 cm of water equaled 35 pei cent, but at the end of a 
subsequent thirteen hour period of decompression by suction the loss 
of plasma was 187 pei cent of the initial volume, showing a partial 
recovciy of the plasma lost duiing the peiiod of distention Experi- 
ments 2 and 3 of this group showed similar, though less striking, 
lesults During the peiiod of decompiession m these 2 dogs, which 
lasted some fourteen hours, theie was an additional aveiage loss of 5 9 
pel cent in plasma volume, which compares favoiably with the loss in 
dogs with no distention and which is m contiast to a 20 per cent 
additional aveiage loss aftei a siinilai inteiva! in dogs with continuous 
distention (chait 1) 

To emphasize the duect i elation between loss of plasma and mtra- 
intestinal pressuie, the initial degiee of distention was i eestablished 
foi about six hours The loss of plasma immediately aftei this second 
penod of distention in 2 of the 3 dogs totaled 50 pei cent The third 
dog died befoie a measurement could be made 

B Pm tial Decompi esswn by Spontaneous Deflation — In this group 
of 7 dogs (section B of table) a constant intraluminal piessure of 
20 to 25 cm was maintained foi about four hours (except in experi- 
ment 6. in which only 2 feet [60 cm ] of ileum was distended and the 
distention maintained for seven and one-half houis) The cannula lead- 
ing to the ileum was then clamped, and the intestine was allowed to 
lesoib the trapped air In expcnhicnts 7 and 8 the dogs breathed pure 
ox3'gen to facilitate moie rapid absoiption of nitrogen from the IioweM 
The intraluminal piessure invariably showed a lapid decline, usually to 
about 10 cm of watei, but complete decompiession was not achieved 

t Gibson, J G, and Evcljn, K A Clinical Studies of the Blood Volume 
A Adaptation of the Method to the Photoelectric Microcolonmcter, T Chn 
bncstifntion 17 153, 1938 

•1 I'liic, J , rrchhng, S and Starr, A Experimental Observations on the 
Blicct of Ninch-rne Per Cent Oxvgen on the Absorption of Air irom the 
ho(l\ Tissues, I Tlioracic Surg 4 <535 1935 
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111 a lecent expei imental study of the factors causing death in cases 
of uncomplicated acute intestinal obstruction a serious and rapid fall m 
the volume of cii culatmg plasma was observed ^ This extreme loss of 
plasma occuired as a result of distention of the obstructed small mtes 
tine and continued as long as the distention continued Evidence was 
obtained that “intravenous plasma in amounts adequate to replace that 
lost as a result of obstructing and distending the empty small intestine 
confers a protective influence sufficient to markedly prolong the le 
of the animal”^ This effect was not secuied by the use of equal or 
largei amounts of physiologic solution of sodium chloride 

Since distention is responsible for the loss of plasma, decompres 
Sion should be accompanied by a retardation of the loss or indeed ^ ) 
a gam of plasma volume Experimental data in confirmation of t n 
inference are presented here 


METHOD 


Bv a technic described m a preceding publication/ dogs under 


intrapcriloncil 


pentobarbital sodium anesthesia were subjected to a constant intraintestina ^ 
sure of 20 cm of water for some four hours, a period sufficient to 
substantial fall in plasma volume Decompression was then effected m ^ 
appljmg suction to the cannula in the terminal portion of the ileum co 
for some fifteen hours In these dogs the intestine was subsequent!) re 
In the remaining group (7 dogs) the distending air current was sliu g|jQ,u<i 
hours, and spontaneous deflation (which occurs readily m the dog) "is 

From the Surgical Departments of the Beth Israel Hospital and th 


Medical School c' 

1 Gendel, S , and Fine, J The Effect of Acute Intestinal Obstruc 
the Blood and Plasma Volume, Ann Surg 110 25, 1939 

2 Fine, J , and Gendel, S Plasma Transfusion in Expenmen 
Obstruction, Ann Surg , to be published 
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to take place The changes in plasma tolume were determined b> the technic of 
Gibson and Ei elj n ^ 

RESULTS 

A Decompi ession by Suction — The loss of plasma after four to 
five hours of distention at a pressuie of 20 cm of water in a group 
of 7 dogs (previously reported on) averaged 35 per cent ^ Main- 
tendnce of the same level of intraluminal pressure thereafter was accom- 
panied by a continuing loss of plasma, which reached 55 per cent of 
the initial volume shortly before death 

In experiment 1 of the present series (see accompanying table, 
section A) the loss of plasma after four hours of distention at a pres- 
sure of 20 cm of water equaled 35 per cent, but at the end of a 
subsequent thirteen hour period of decompression by suction the loss 
of plasma was 18 7 per cent of the initial volume, showing a partial 
recovery of the plasma lost during the period of distention Experi- 
ments 2 and 3 of this group showed similar, though less striking, 
results During the period of decompression m these 2 dogs, which 
lasted some fourteen hours, there was an additional a\ erage loss of 5 9 
per cent m plasma volume, which compares favorably with the loss in 
dogs with no distention and which is m contrast to a 20 per cent 
additional average loss after a similar interval m dogs with continuous 
distention (chart 1) 

To emphasize the direct i elation between loss of plasma and mtra- 
intestinal pressure, the initial degree of distention was reestablished 
foi about SIX hours The loss of plasma immediately aftei this second 
period of distention in 2 of the 3 dogs totaled 50 per cent The third 
dog died befoie a measurement could be made 

B Paitial Decompi ession by Spontaneous Deflation — In this group 
of 7 dogs (section B of table) a constant intraluminal pressure of 
20 to 25 cm was maintained for about four hours (except m experi- 
ment 6, in which only 2 feet [60 cm ] of ileum was distended and the 
distention maintained for seven and one-half hours) The cannula lead- 
ing to the ileum was then clamped, and the intestine ^^as allowed to 
lesorb the trapped air In experiments 7 and 8 the dogs breathed pure 
oxvgen to facilitate more rapid absorption of nitrogen from the bow el '' 
dhe intraluminal pressure invariably showed a rapid decline usually to 
about 10 cm of w^ater, but complete decompression was not achie\ed 

^ Gibson, J G, nnd E^el^n, K Clinical Studies ot the Blood Volume 
D Adaptation of tlie Method to the Photoelectric Microcolonmeter, J Clin 
huestigation 17 153, 1938 

•1 Fine, J , Frehling, S and Starr, A Experimental Obseraations on the 
Effect of Nineh-Ene Per Cent Ox\gen on the -Absorption of -Air from the 
Rod\ Tissues, T Thoracic Surg 4 635 1935 
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In some experiments the control plasma volume was determined 
on the da} of the experiment In some of the others, in which a number 
of days elapsed between determination of the control plasma volume 
and the experiment, a loss of weight occurred (see table) In these 
the contiol plasma volume may not be reliable, but a comparison of 
the plasma volume after the initial period of distention and that observed 
after the period of decompression is valid In 5 of the 7 experiments 
(4, 6, 7, 8 and 9) the data show that deflation, even though not com- 
plete, effected a return of part of the lost plasma to the circulation 
(chait 2) In 2 other experiments (5 and 10) plasma continued to 

60 



HOURS 

Chart 1 — Distention followed bj decompression (suction) The heavy black 
line represents the average percentage loss of plasma m 7 experiments previouslj 
reported,^ in which the entire small intestine of the dog was distended continuous!} 
‘It a pressure of 20 cm of water until death 

Each of the three light solid lines represents the loss of plasma in percentage in 
single experiments in which continuous distention at the same pressure for several 
hours was followed b} decompression b} suction as indicated Redistention fol- 
lowed, and in 2 a reading was obtained 

The two broken lines represent controls without distention as indicated Ml 
dogs vcrc under continuous pentobarbital sodium anesthesia 

leaac the circulation, but at a slower late than when the intraluminal 
teiiMon was niamtamed at the original let el 

It IS theiefore etident that decompression halts the piogiessive loss 
of plasma which a sustained let el of distending pressure produces and 
ni 'oine instances results in the rctuin of part of the lost plasma to 
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the blood stieam This piocess is not always observed to occui imme 
diately after deflation begins In experiments 7 and 8 the loss continued 
at least during the fiist four hours of the deflation peiiod, but substantial 
return of lost plasma to the circulation was evident in the subsequent 
measurement of plasma volume 

It will be noted from the table that in 9 of 10 experiments there 
was a substantial increase in red cell volume concomitant with the 
deciease in plasma volume during the distention period This increase 
may persist, although it tends to disappear as the deflation halts the 
loss in plasma volume (experiments 1, 2, 3 and 6) As the loss m 
plasma continues to mciease, however, the led cell volume may fall 



Chart 2 — Distention followed bv partial decompression (spontaneous ce ^ 
The heavy black line represents the average loss of plasma m 
experiments previouslj reported,! in which the entire small intestine was 
continuouslv at a pressure of 20 cm of water until death occurred m 

other solid lines represents the loss of plasma in percentage m single 
which the entire small intestine was distended at a pressure of 
water for four hours, after which (see arroav) the cannuh in t e i 
clamped and partial spontaneous decompression was permitted i 

1 1 li ^ iCfit (U'-' ^ ^ 

The broken line represents an experiment m w'hich onn - 
of intestine was distended for seven and one-half hours 


belotv normal (expeiiments 2, 3 and 5 ) The rise in the 
leading following distention is therefore paitly due to an accc-^^^^^^ 
red cells to the circulating blood The hematociit reading o' 

ingly be regarded as an approximation rather than a lai i 
tlie extent of the loss of plasma 
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Since the rise in the hematocrit reading parallels the extent of the 
fall in plasma volume induced by distention, a fall in the hematocrit 
reading tm\ard the initial level may be expected when part of the lost 
plasma returns to the circulation as a result of decompression That 
this occurs iS clearly observ'able in the data on experiments 1, 6 and 7 

Ihe changes m red cell volume are reflected m the figures for total 
blood volume The fact that the total blood volume does not fall to 
the same extent as does the plasma volume is presumably due to 
mobilization of red cells, perhaps with some plasma, from the spleen 
and the hemopoietic system Since the capacity for compensation from 
such stores is limited, a sharp fall m total blood volume, though not 
as great as that in plasma volume, appears when the loss of plasma 
reaches a dangerous level The variability from one animal to another 
in the available supply of such supplementary stores of whole blood 
or red cells may account for the difterences in tolerance to plasma loss 
due to intestinal distention 

COMMENT 

It has previously been emphasized that distention is the central 
problem in acute intestinal obstruction, the only potentially fatal effect 
ve have been able to observe so far from its presence is a marked fall 
in plasma lolume The experimental procedure utilized to produce 
this result departs from the natural conditions, however, m that the 
intestinal pressure was maintained m a closed loop (the entire small 
intestine) at a constant level until death When distention develops 
spontaneously the tension produced by gas when it first enters the 
intestine is usually not sustained, owing to absorption vua the blood 
stream, relaxation of intestinal muscle tonus, spatial readjustment of 
adjacent organs and relaxation of the musculature of the abdominal 
"all The flexibiiitv of these accommodating mechanisms probably 
varies fiom time to time in the same subject and from one species of 
mammal to another Thus in the dog an initial intraintestmal pressure 
of 20 cm of v\ater, if not sustained by a continuous current of air 
"ill fall rapidly to a much lower level ® There is no reason to doubt 
that this mav also be true in man Turthermore, in the presence of 
simple obstruction a patent pjlorus will permit decompression bv 
regurgitation of intestinal contents The rate of loss of plasma in cases 
01 clinical obstruction is therefore likeh to change from moment to 
moment because of the action of manv factors v\ ith opposing effects , 
the extent of the fall in plasma volume will become critical onlv after 
adjusting mechanisms fail Hence, in a given person at a given time 
resrtance to the cftects of distention will varv in accordance with the 
state of elasticitv of these safetv factors and the clinical state of the 
patient wi'l vaiy accordinglv 


' Unpubli'ticd (htT 
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Om obseivations on decompi essing the bo^\eI do not support the 
belief ® that death following an apparently adequate decompression ot 
the acutely distended bowel can be due to too sudden a deflation Such 
a view may have acquired plausibiht}'^ from analogous experience with 
prostatic obstruction of the bladder and (rarel}’^) after excision of large 
tumois fioin the abdominal cavity Evaluation of a therapeutic measure 
must take account of the stage of the disease at which the measure !«' 
been applied For example, transfusion for exsanguinating hemorrhage 
IS futile, even when given in ample volume, if shock has reached an 
11 reversible stage Similarl)'-, decompression will fail to reverse tin 
downward course of advanced acute intestinal obstruction, owing to 
irreversible physiologic changes According to our data, decompression 
can halt and even reverse the mechanism of loss of plasma, but the 
late of leturn of the lost plasma to the circulation may be inadequate 
for the needs of vital areas m danger of collapse from insufficient blood 
volume The effectiveness of adequate deflation will depend, therefore 
on the extent and duration of the plasma deficiency at the time the 
deflation is achieved A fatal result may occur shortlv after enterostonu 
not because of enterostomy but because the loss of plasma has reacie 
a le^eI fiom which recoveiy is not possible without piompt suppl"”? 
of the enoimous deficiency m the v'olume of circulating plasma 

CONCLUSIONS 

1 Decompression of the distended small intestine retards or 
vents the progressive and eventually fatal loss of plasma caused y 
distention A return of part oi most of the lost plasma to the circu atiUj. 
blood volume can be demonstrated to follow decompi ession 

2 The rise m the hematocrit reading during distention is on ) 
approximate index of the extent ot loss of plasma, because m 
earlier stages of the process part of the rise is due to the en r 
into the circulating blood of a variable volume of led cells 
hemopoietic system This accession of i ed cells to the circ dating ^ 
in the earlier stages of loss of plasma will prevent a correspon 

in total blood volume However, when the loss of plasma cc 
extieme the total blood volume falls markedly below normal 
m the total blood volume is nevei quite as extensive as tiat 
plasma volume The hematocrit leading continues to increase „ 

approaches In this late stage of the process, therefore, 1 
m the hematocrit reading more accurately reflects the extent o 
of plasma (jic 

3 The recovery of lost plasma achieved by 

distended intestine is accompanied by a fall in the hematocri 
toward the initial level ^ ^ 

6 Elman, R The Danger of Sudden Deflation of Acutel' Di-^ 
in Late Low Intestinal Obstruction, A.m J Surg- 26 438, 1934 
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I A NEW GASTRIC POUCH WITH A NQNLEAKING STOMA AND AN 
INTACT NERVE SUPPLY, DESCRIPTION OF A TWO STAGE 
TECHNIC USED ON THE DOG 
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The cieation of an isolated gastric pouch in experimental animals 
has contributed more than any other proceduie to the present under- 
standing of the physiology of gastric secretion The extraordinary use- 
fulness of the pouch depends on the fact that it peimits quantitative 
collection of secretion uncontaminated by material from either the 
esophagus or the duodenum In no human being, even one with a 
chance abnormality of the stomach, has a quantitative collection of 
uncontaminated gastric secretion been obtainable In patients with 
pyloric obstruction, foi example, gastiic secretion is contaminated by 
saliva, in patients with esophageal obstiuction and gastric fistulas the 
secietion is contaminated by unknown quantities of duodenal contents 
In such patients the disease has usually pioduced nutritional disturbances 
not conducive to normal secretory function 

The gastric pouch itself, howe\er, has piesented di aw backs Diges- 
tion of the abdominal wall by the gastric secretion has prevented main- 
tenance of a sphincter at the outlet of the pouch, and an inlying catheter 
Ins been icquiied for collection of the secietion klechanical stimulation 
his lesulted fiom the presence of the catheter wnth consequent altera- 
tion in the charactei of the secretion In spite of constant care, digestion 
of the abdominal wall has often piogressed far enough to cause death 
ot the animal befoie completion of the experiment 

Ep to the piesent time the majoi poition of the experimental woik 
has been done with either the Pa\lo\ pouch or the whole stomach 
pouch Both t\pes ha\e faults other than digestion of the abdominal 

Erom the Surgical Laboratories of the Harvard Medical School at the Ma^'^a 
cin etts General Hospital 
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wall The intactness ot the nerve supply of the Pavlov pouch ha' 
been questioned in lecent years, and removal of the entire stomach 
from the digestive tiact hardty leaves the animal in a normal phisiologic 
state 

This papei describes a new gastric pouch with the following adian 
tages The nerve supply is intact, minimal damage is done to digestne 
function , erosion at the stoma is eliminated, and the necessity of an 
inlying catheter is obviated 


CONSTRUCTION OF A GASTRIC POUCH (ANTERIOR WALL) IN THE DOC 

Fust Stage — The stomach is exposed through a left paramedian, high 
abdominal incision (intratracheal ether anesthesia) For con\enience of 
manipulation (i, fig 1) stay sutures are placed m the wall of the 
stomach at the following four points {A) the lesser curvature of the 
pyloric antrum, 1 cm below the incisura angularis, (F) the lesser 
curvatuie just above the left gastric vessels and posterioi to the 
major trunks of the anterior, or left, vagus neive^, (C) the greater 
curvature 1 cm above the uppermost short gastric vessel, and (P) t'*- 
gi eater curvature 1 cm below the point directly opposite the incisura 
of the lesser curvature 

The right gastroepiploic vessels aie dnnded 1 cm above stay 
The lesser peritoneal cavity is opened into and the omentum is 
along an avascular plane at a right angle to the greater curvatuie 
at least 10 inches (25 cm ), allowing separation of the omentum mo* 
gastric and an antral portion 


The future pouch is separated fiom the residual portion 


of the 
The 


stomach by incising the wall -with a thermal electric cauteit^^^ 
serosa and muscularis are divided first and allowed to retiact, ai 
vascular submucosa and mucosa are divided secondarily 
staited at the incisura and carried across the anterior wall of tie s 
to a point 1 cm above stay suture D This line of incision 
to the posterior gastiic wall for a distance of 1 5 cm It is o -j-ggter 
upward at a right angle on the posterior gastric wall, along le 
curvature The incision is kept just far enough from the gre^ 
ture to leave the blood supply^ from the gastroepiploic vesse s 
the anterior gastric wall, and it stops opposite stay sutuie 
point the incision again turns at a right angle, passing to 
wall of the body of the stomach, below'^ the true fundus 

bo'c 

1 A small incision is made in the gastrohepatic omentum, 

gastric lessels and below the branch of the left ^agus sutU'^ 

hepatis (see under “Course and Distribution of the Vagus 

is placed through this incision in the upper portion of the lesser c 
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poition ot tlic gastiosplciiic ligament imiiKclwlch adjacent to the 
gicatei cunaturc need be dnulcd The mam s])lcnic and gastiosplenic 
\csscls aie left intact and the spleen is mo\cd togethei ^\lth the anteiioi 
gastric wall 

Ihe mam ti links ot the left \agns nti\e aic next identified by 
pulling up on staj sutuies B and C These nenes o\eiIic the lesser 
cunatuie half of the anteiioi gastiic uall f7, fig 1) Incision is 
earned ^\Ith the cauteij from the gicatci ciinatuie to\\aid stay sutiiie 
B stopping shoit of the most lateial bianch of the \agus neive- 

Incision is next made along the Icssci cui\atuic Ihc blanches of 
the left gastric arter} and ^eIn suppljing the anteiioi wall of the stom- 
ach are first identified A tunnel leading to stay sutuie B is made 
beneath these vessels and their accompaiiMiig sympathetic nenes, along 
the \\all of the Icssei cun atm e It is usualh ncccssaiy to divide a 
small branch fiom the right gastric aiterj to the incisma m order to 
start the tunnel Vessels and ncr\es being spared, the lesser curvature 
IS then duidcd fiom the incisura to within 0 5 cm of stay suture B All 
of the gastric branches of the left \agus neivc wall be found anterior 
to the incision in the Icssci cun atm e 

The final scpaiation of the pouch fiom the stomach can be accom- 
plished in one of two ways The small poition of the anterioi gasliic 
wall remaining intact beneath the blanches of the left vagus neive 
may be divided eithei thiough the mucosa alone or through the mucosa, 
the submucosa and part of the musculai is It is impossible to divide the 
entire muscularis and sciosa without damaging the vagal neives If 
the submucosa, wdiich caiiies the majoi blood vessels, is divided, seveial 
^essels wull need to be clamped and tied individually, since the cautery 
cannot be used beneath the ^agal blanches without damaging the nerves 
Suturing IS made easier, however, if the submucosa is sepaiated 

The pouch is formed by^ a continuous, mveitmg (Connell) suture, 
no 00 chromic catgut wuth an atraumatic needle being used (2, fig 1 ) 
The pouch is closed from the top dowm, making the open end as fai fiom 
the esophagus as possible The greatei the length of the pouch, the 
greater the mobility The iim of the open end of the pouch should be 
made from the antral edge of the anterior gastiic wall If it is made 
from the edge of the gi eater curvatuie, the vessels and the omentum 
increase the bulk of the neck of the pouch and make it more difficult to 
suture in place in the second stage operation Because of the inequality 
m length between the greater and the lesser cuivature, the infolding 
suture should be started at the gi eater curvature, above the gasti osplenic 

2 The fine branch passing to the true fundus of the stomach lies above the 
line of incision and is not disturbed in this dissection 
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Explanation of Figure 1 

Figure 1 — 1, anterior gastric wall of the dog exposed at operation A 
indicates a stay suture 1 cm below the incisura angularis , B, a stay suture 
on the lesser curvature, above the left gastric vessels, C, a staj suture on 
the greater curvature, above the gastrosplenic vessels , D, a stay suture on tlie 
greater curvature, opposite the incisura, LV, the left vagus trunk, RV , the 
right vagus trunk The probe lies in the tunnel beneath the left gastric lessels 
along the line of the incision in the lesser curvature 2, Pouch in the 
anterior wall, separated from the residual portion of the stomach F indicates 
the pouch, RS, the residual portion of the stomach, ps, the pouch suture, ss, 
the stomach sutuie, A, a stay suture 1 cm below the incisura angularis, 
Bj a stav sutuie on the lesser curvature, above the left gastric icssels, . 
a stay suture on the greater curvature, in the gastrosplenic vessels The upper 
end of the probe lies in the cardia In the space between the arrows hes t te 
undivided portion of the anterior gastric wall The mucosal infolding 
have been started in the pouch and in the residual portion of the stoma < 
formation of the pouch completed The residual portion of the stomaci ^ 
been closed P indicates the pouch , RS, the residual portion of the stoinac , 
a stay suture 1 cm below the incisura angularis, B, a stay suture on t e 
curvature, above the left gastric vessels, D, a stay suture on the srn 
curvature, opposite the incisura, LV, the left vagus nerve, An, the 
4, anastomosis of the outlet of the pouch to the pyloric antrum F, 
pouch , An, the pyloric antrum , Hu, the duodenum , B, a stay suture on t le 
curvature, above the left gastric vessels, LV, the left vagus ner\e 
pouch portion of the omentum has been wrapped around the pouch 
position of the pouch P indicates the pouch , An, the antrum , RS, t m r 
portion of the stomach , Spl, the spleen , Li the liver At a second 
outlet of the pouch has been transferred from the pyloric antrum to t le ^ 

The spleen is swung with the body of the pouch A suture line c o 
antrum remains to be covered with omentum 
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vessels The fiist, oi inverting, sutuie includes only the mucosa and 
the submucosa The second, running, noninverting, suture approximates 
the muscularis and the serosa 

The stomach is i econsti ucted by similai running sutures but is closed 
completely (3, fig 1) The open end of the pouch is sutured into a 
2 5 cm opening made in the anterior wall of the pyloric antiura 

(4, fig 1) 

The antral portion of the omentum is sutured around the stoma 
and over the gastiic suture line The pouch poition of the omentum is 
wrapped around the entire pouch and sutured in place Careful 
peritonization is important to pi event formation of adhesions between 
the pouch and the residual portion of the stomach 

Second Stage — An inteival of at least three weeks is allowed 
between the first and the second stage 

A lateral left rectus incision is made The open end of the pouch 
IS fieed from the antrum, a cuff of the antral wall being left attached 
to the pouch The cuff should be approximately 1 cm wide and should 
consist of sei osa and muscularis only The mucosa is divided at the line 
of previous suture The hole in the antium is closed (5, fig 1) 

The incision through which the stoma of the pouch is to be brougld 
out is next prepared It is a stab wound from the skin to the peritonea 
cavity, just large enough to accommodate the neck of the poucii 
made in the costovertebral angle, immediately beneath the left twe 
lib, through the oblique and transversalis muscles, lateral to the quadratus 
lumboium and semispmalis muscles ® Care is taken to split, not cu , 
the muscle bundles, with careful preservation of their different direction 
The pouch is swung posteriorly on its pedicle, and the open end 
brought out of the abdominal cavity (5, fig 1 ) The pouch 
of the omentum and the spleen swing with the pouch The w 
pouch neck is sutured to the subcutaneous fascia with divi e 
chromic catgut sutures Care must be taken not to disturb ^ , 

supplv to the stoma of the pouch The cuff of antral wall is su u 
loosely out over the skin 

3 Occasionalb', if the thoracic cage is proportionately larger too 

or if care in suturing the pouch is not taken as described, the pouc 
short to reach below the twelfth rib without being sutured under tens^ 
pouch must not be fixed under tension , otherwise it w'lll retract n 
open end of the pouch is brought out through the intercostal ^^enth or tlw 
side, near the spine The space between either the tenth and e ev ^ p^cunio 
eleventh and twelfth ribs may be used In order to a\ oid creation o 
thorax it is wise to obliterate the lower thoracic space at the firs 
suturing the diaphragm to the chest wall 
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A tab ol omentum is fastened ovei the sutuie line m the .inlial wall , 
the left lectus incision is closed 

Comment on the Technic — A successful stoma has not heen made at 
the same operation at which the pouch is foimed If the pouch is 
brought out immcdiateh the sutuies arc digested awMy the neck opens 
along the sutuie line and the flank wall is ciodcd h\ the gastiic secretion 
Eithei a defect m the muscle w'all dc\ clops, damaging the action of the 
sphinctei, oi the neck of the pouch piomptly letiacts into the abdomen 
It the neck is well healed befoic it is hi ought thiough the flank, this 
digestion does not occui, and it is foi this icison lint the opcialion has 
been dnided into two stages 

The actual sphmctci action depends on the muscles of the gastiic 
wall at the neck of the pouch and also on those of the flank wall The 
\aried directions of the fibers of the external and internal oblique and 
transA ersahs muscles result in an encircling pressuie aioiind the neck 
The parallel bundles of a single muscle exert only lateial piessuie 

The combined sphmctci action of the muscles of the stomach and 
the abdominal w'all is inefiectivc if the neck of the pouch is bi ought 
out anteriorly, alongside the sheath of the leclus muscle The effective 
sphincter action depends on the fact that the body of the pouch is 
dependent from the stoma This is line if the dog is standing or 
l)ing on the right side but not if it is lying on the left The animal, 
however, learns promptly to he on the side opposite the wound 

The same two stage procedure can be applied and the stoma in the 
flank created with the Pavlov pouch, the Heidenham pouch and other 
forms of gastric pouch with a sufficiently long bod}' It was developed 
W'hile the Pavlov pouch was m use in this laboratoiy It cannot, 
however, be used wntli pouches having a shoit body or neck Hollandei 
and Jemerin ^ have recently devised one wnth intact nerve supply but 
with a neck too short to reach beyond the anterioi abdominal wall 

ANATOMIC CONSIDERATIONS 

In this effoit to improve on previously described experimental gastric 
pouches made in the dog, the following anatomic facts have been con- 
sidered 

Distiibntion of the Gastric Cells — In expeiimental animals and in 
man the cells of the mucosa of the pyloric antrum are anatomically 
different from the glandular cells lining the body of the stomach ® The 
secretion from the antrum is alkaline or neutral, in contrast to the acid 

4 Hollander, F , and Jemerin, E E Preparation of Stomach Pouch With- 
out Interruption of Vagal Supply, Proc Soc Exper Biol & Med 39 87, 1938 

5 Berger, E H The Distribution of Parietal Cells in the Stomach A 
Histotopographic Stud^, Am J Anat 54 87, 1934 
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secretion from the body of the stomach ® Observers have diftered as 
to where the dividing line between the body and the antrum occurs 
We have been struck by the legularity by which the line can be 
identified m the dog by gross observation The antial mucosa is 
relatively pale, firm and flat, the mucosa of the body is moie suffused 
with a purplish tint, softer, thicker and with more prominent rugae 
In the dog, not only can the division be recognized grossly, the 
zone of transition being usually' within 1 cm , but it occurs at the 
incisura angularis along the lesser curvature The mcisura is a definite 
anatomic landmark, and time and damage to tissue are saved by opening 
the stomach at this point when making either an antral or a body pouch 
On the outer surface of the stomach, along the greater curvature, 
there is no anatomic structure indicating the dividing line between the 
antral and the body' mucosa The line runs, however, at a right angle to 
the lumen of the stomach, and the point opposite the incisura will not 
be fai from it 

There are no similar lines ot demarcation between ibe mucosae of 
the body, the true fundus and the cardia In the cardia and fundus the 
mucosa is thinner and smoothei, and the folds, so prominent in tie 
bod}', are largely absent The significance of the cells of the cardia an 
the fundus in i elation to the secretion formed is not y^et understoo 
The parietal, or acid-secreting, cells are found in both areas 
Blood Supply of the Stomach — ^The blood supply to the 
of the dog is essentially similar to that of man The arteiial oo 
IS derived from the celiac artery, but the lelative size of the 
differs from that of the human stomach in two respects First, t e 
gastric artery of the dog is proportionately larger, the right gastric 
of the hepatic artery being a relatively small vessel Second, t e s 
gastric branches of the splenic artery in the dog are larger an snp 
directly about a third of the greater curvature 

Couise and Distnbution of the Vagus Nerves As a 
experiments conducted in this laboratory with a Pavlov pouch, suspi 
arose as to the intactness of the vagal nerve supply Accor 
anatomic study of the course and distribution of the vagus ner^c 

In devising his gastric pouch, PaA lov " apparently made no ° ® 
study of the distribution of the vagus nerA'es but accepted the 
given by Ellenberger and Baum ® Reports from indepen ent a' 

6 Gamble, J L , and Mclver, M A The Acid-Base 

Secretions, J Exper Med 48 837, 1928, unpublished data Tendon, C- 

7 PaAloA', I P The Work of the Digestive Glands, ed A 


Griffin & Co , 1910 ohisclie 

8 Ellenberger, W and Baum, H Systemische und topogra 
tomie des Hundes Berlin Paul Parev 1891 


Am 
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in more iccent }ears'' lia\c shown ihat ihc anatomy of the \agus 
ncnes ot the clog is not diflerent fiom that of tlie human being While 
the present study was undci wa}, Tt^merin and Hollandei also had 
reason to suspect the intactness of the \agal supply of the Pa\lo\ pouch, 
and m a recent article*® thej Imc dcsciihcd the clistiibution of both 
\agus nenes to the stomach of the dog Then findings and those of 
the present stud} aie in agiecment Jemeiin and Hollandei, how^ever, 
limited then in\estigation to the stomach The present study has 
included the course and distribution of the vagus nenes from the hih 
ot the lungs downward 

Fort} -five dogs ha\e been used for this study The gastiic distribu- 
tion alone of the vagus nerves has been obseived m 30 animals as an 
essential step of the pouch operation The remaining 15 dogs w'ere 
killed and dissected in ordei to make the complete anatomic study 
From the first 6 of the latter group the tissues were picpaied by the 
method of Longwell** The organs and ner\es w'ere excised en bloc 
and placed in 5 per cent Indrochlonc acid in the ice box for twenty-four 
hours The ner\e fibers being more resistant to the acid than muscle 
or connective tissue, the method facilitates dissection of the teiminal 
nerve branches Because the ner\e trunks up to the point of penetration 
of the organ are grossly olnious, the remaining 9 animals were dissected 
immediately after being killed 

Below' the hih of the lungs the right and left vagus neiwes of the 
dog descend along either side of the esophagus Between the hilus of 
the lung and the diaphragm each nerve sends a large anastomotic branch, 
grossly one-third to one-half the entire nerve, to the vagus nerve on the 
other side The branch from the right vagus nerve passes m front 
of the esophagus on its way to join the left vagus trunk (figs 2 and 3) 
The branch from the left vagus nerve passes posterior to the esophagus 
Each branch joins the trunk of the other side just before the trunk passes 
through the diaphragm 

9 Latarjet, A Note preliminairc sur I’lnnervation et I’enervation de I’esto- 
raac, Lyon med 130 166, 1921 McCrea, E D The Abdominal Distribution 
of the Vagus, J Anat 59 18, 1924-1925 Perman, E Surgical Treatment of 
Gastric and Duodenal Ulcer, Acta chir Scandinav (supp 38) 77 1, 1935 
Stahnke, E Expenmentelle Untersuchungen zur Frage der neurogenen Ent- 
stehung des Ulcus ventncuh , zugleich ein Beitrag zur pathologischen Physiologic 
der Mageninnervation, Arch f klin Chir 132 1, 1924 

10 Jemenn, E E , and Hollander, F Gastric Vagi in the Dog Erroneous 
Assumption of Uninterrupted Vagal Innervation in the Pavlov Pouch, Proc Soc 
Exper Biol a. Med 38 139, 1938 

11 Longwell, S E A New Method for Investigation of the Peripheral Ner- 
■'ous Svstem, Muscles and Glands, Science 47 395, 1918 
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relation to the esophagus The left t ^ ’" 

the 1 ight a posterior L. f iu ^ ^ acquires an anterior and 

neive lea^es thftruL r, . ^""stomotic branch from each vagus 
es the trunk rn the lateral position but joins the opposite iiem 


Fig 2 
lett vagus 



nene^Jr'!!!. ongm and abdominal distribution of the 

nerve as observed m dissection of IS dogs 



righl ^aaiic; illustrating the origin and abdominal distribution of 

distribution of the Suac brlnl''' 


new position The left v^agus nerve passes through the diaphragm 
anterior to the midportion of the esophagus and emerges belou 
diaphragmatic muscle on the anterior surface of the cardia (fig 2) Th^ 
S tagus nerve passes through the diaphragm posterior to the ciophi 
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gus and enters the lessei pentoneal cavih on the posteiioi suiface of 
the cardia (fig 3) Each nei\e lies between the pciitoneum and the 
musculaiis 

Each Aagus tiunk in its passage down the stomach beats a constant 
1 elation to the lessei but not to the gieatei cimatuie In the de\elop- 
ment of the fetal stomach of the dog the lesset cuivatuie is appaiently 
the fixed portion As the lumen of the stomach met eases in size, 
branches from each lagiis neive pass out from the lesser cuivatuie 
o\er the gastiic wall toward the gieatci cui\ature 

The left \agus ner\e supplies the cntiie anteiioi wall of the stomach 
(cardia, fundus, bod)' and antrum), the hepatic plexuses and the left 
side of the diaphiagm (fig 2) As the trunk emeiges fioni the dia- 
phragm a small twig is usually detectable passing to the left side of the 
diaphragm The second branch is the hepatic bianch Of medium si/e 
and easil}' recognizable, it arises from the light side of the nent 
trunk and runs in the gastrohepatic omentum close to the Inei On 
reaching the hepatic artery it dnides into two terminal blanches, one 
lunning into the porta hepatis and the othei in the opposite diiection, 
toward the aorta, losing its identity in the nerve plexus along the hepatic 
artery 

The remaining and larger portion of the left ner\e tumk passes to 
the anterior wall of the stomach alone Including the teimmal filament of 
the trunk, there are usually four gastric blanches The upper two 
dnide soon aftei leaving the trunk, the uppermost division, a small 
one, passes to the left to supply the true fundus In succession the 
branches pass from the trunk distally as they traverse the bodv of 
the stomach, entering the muscularis about one third of the w'ay to the 
greater curvature The terminal portion of the trunk pieices the muscu- 
lar layer near the lesser curvature about 1 cm beyond the incisura 
angularis It is possible that this terminal nerve sends filaments to the 
pylorus and to the first portion of the duodenum, but filaments have not 
been found beyond the antrum on gross dissection 

The right (posterior) vagus nerve, like the left, has a thieefold 
distribution (fig 3) The small initial branch goes to the right side 
of the diaphragm The second, or celiac, bianch is moderately large, 
IS constant and corresponds to the hepatic branch of the left nerve 
After leaving the mam trunk it divides into three well defined branches 
These pass into the dense autonomic plexuses sunoundmg both the 
celiac and the lower hepatic arteries No attempt has been made to 
discover the final distribution of this vagal branch Piesumably it 
may be as wide as the sympathetic distiibution from the ganglions and 
plexuses surrounding the celiac artery and its branches 

The gastric branches of the right vagus nerve supply the entire 
posterior wall of the stomach The distribution of the fibers is the 
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mirror image of that of the left vagus nerve to the anterior wall 
The tiunk and its gastric blanches are covered by the visceral pen 
toneum of the lesser peritoneal cavity 

Variations from the foregoing description of the anatomy of the 
vagus nerves m the dog are rare m our experience In approximately 
half of the dissected animals one or another of the diaphragmatic 
bi anches could not be found , presumably they were too small to be 
lecogmzed maci oscopically In 1 of the 45 animals an anastomotic 
branch crossed the lesser curvatuie at the mcisura, running from the 
left to the right vagus nerve 

Until a study by fibei degeneration has been made to determine the 
distribution of the fibers fiom the anastomotic branches in the thorax 
it will have to be assumed that each branch of the thoracic distribution 
of the vagus nerve sends fibers to the entire abdominal distribution of 
the opposite nerve In order to interrupt the vagal supply of the pouch 
described in this paper it is therefore necessary to sever the left vagus 
nerve below the anastomotic bianch from the right vagus nerve Like 
wise, division of either vagus neive in the neck only partially denervates 
the entire abdominal distribution of both 

It IS also obvious fiom this study that a gastric pouch made acco. 
ing to the method of Pavlov^ has the majority of its vagal fibers cut 
Only those running to the base of the pouch are left intact 

Coutse and DisU tbution of the Sympathetic Neives ^The sjmpa 
thetic nerve supply to the stomach of the dog arises from the ce lac 
plexus The nerve fibers and ganglions form a dense network aroiin 
the celiac artery and its primary branches A nerve trunk 
the stomach with each major artery Branches from these trun s < 
be recognized grossly beneath the serosa on the surface of the ® 
alongside each small arterial branch and tributary vein Eaci m 
and its accompanying vessels penetrate the muscularis ^ ° 
same point Preservation of direct arterial blood supply to t e 
of the stomach insures sympathetic inneivation 


ar 


but 


4ric 


CARE OF THE POUCH 

A dog With the pouch described in this paper requires pecuh 
not arduous care 

The sphincter at the stoma is eftective in holding m the 
secretion from the moment the second stage operation is co 
Periodic emptying of the pouch is necessary to prevent oxer 
\Mth consequent foicing of the sphinctei A no 12 
rubber catheter is passed through the stoma, and the gastric ^ 
IS sucked out with a sy ringe The frequency of catheterization 
on the experimental conditions An occasional pouch 
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much as 1,000 cc without leaking UsualU, howevei, it is ^\Ise with 
the a^ erage-sized dog to empt}^ the pouch bcfoie tlie contents icach 
250 cc 

No complicated diessings, washings oi inhing tubes aie needed 
Digestion of the abdominal wall is limited to a nairow zone between 
the gastric mucosa and the skin, the extensue digestion seen wuth 
othei types of stoma is eliminated 



F>g 4 — Dog with a pouch of the anteiior gastric wall and a stoma in the 
left flank A, appearance eight da 5 s after the second stage operation B, stoma 
eight days after the second stage operation Digestion of the cuff of the antral 
'tall has already started C, stoma four w'eeks after the second stage operation 
Digestion of the cuff is nearh complete R, stoma se\en months after the second 
stage operation Note the absence of digestion of the skin and the regiow'th of 
hair immediately around the stoma 


12 Some of the dogs will not eat wdien the pouch is full Food may he 
untouched before the animals Immediately after the pouch is emptied the 
food is gobbled up This observation has also been made on dogs with a 
Pavlov pouch having the described, improved stoma Since the vagal supply to 
the Pavlov pouch is interrupted, it is probable that the afferent fibers carrying 
the sensation of hunger pass along with the sympathetic autonomic fibers from 
the celiac plexus 



730 


ARCHIVES OF SURGERY 

Opeiative inteivention at the stoma is occasionally required as a 
lesult of the changes occurring over a period of months In the hist 
postoperative da} s the antral cuff, devoid of an adequate blood supph, 
^ells and becomes glued to the wound with fibrin (figs 4 A and B) 
I he firm ring thus formed prevents retraction of the neck of the 
pouc 1 until sufficient time elapses for permanent adhesions between the 
pouc 1 nec and the flank wall to form Gradually, over a period ot 
two to four weeks, the cuff is digested away (fig 4 C) This digestion 
IS earned out not by gastric juice which has leaked from the pouch but 
by that secieted fiom the mucosa exposed at the outlet With the 
continued digestion at the very outlet between the mucosa of the 
pouc neck and the skin, a small fibrous wall results as the permanent 
stoma (fig 4 D) This fibrous stoma may eventually contract, and it 

becomes necessary to cut it in order to pass the catheter without 
difficulty 

It is the loutine in this laboratoiy to place sodium bicarbonate 
so ution in the pouch after each emptying unless the animal is “on test ” 
t las been found that eventually digestion of the wall of the pouch 
3 t e undiluted gastric secretion occurs and ulcers are formed In the 
absence of sodium bicarbonate, hemonhage from ulceration has 
occurred within periods vaiying from a week to two months Several 
animals have died of perforated ulcers of the pouch following p''0 
onged uninhibited acid peptic digestion Sodium bicarbonate solution 
neutralizes the secretion and thereby inactivates the pepsin Sufficient 
sodium bicarbonate is added to neutralize the anticipated volume of acid 
juice An excess will do no harm 

Care of the animal at night can be reduced to a minimum by feeding 
once a daj , early m the morning The active phase of gastric secretion 
lasts foi twelve to fifteen hours after the routine laboratory meal H 
the dog is fed during the afternoon or evening, provision must be 
made to empty the pouch during the night 

COMMENT 

The pouch made of the anterior gastric wall with its outlet m ti'C 
flank has the following advantages over previously described gastric 
pouches 

Tjifacf Neive Supply — Both the v'agal and the sympathetic 
to the portion of the stomach inv’^olved in the pouch remain undivi ei 
The anatomic studies reported m this paper offer confirmatory evidenc 
that the course of the left vagus nerv e in the dog is not as describe 
Pa\lo\ Vagal fibers are intact to the Pavdov pouch at the base ou 
From the point of vuew of vagal innervation, the Parlov pouci 
little better than the Heidenhain 
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Mniitnal Dcncivahon Dtslal to the Pouch — Iwo aitas oi ihc 
residual portion of tlie stomach are dcneuated in making a pouch of 
the anterior wall Fust, the vagal supply fiom the left nei\e to the 
anterior wall of the antium is duided The fibeis fiom the light vagus 
nene to the posteiioi antial wall, howevei, lemain intact, and noinial 
secretor} and motor function can be expected from one half of the 
antrum Second, the s}mpathctic ncr\es to the postciioi w'all of the 
body of the stomach, entering togethei with tlie tessels of the gieatei 
currature, are seveied The s}mpathetic nei\es to the posterior wall, 
lunning with the tessels of the lessci cuivatiire, aie not dnided The 
lesser curtatuie, at least, of the icsidual poition of the stomach letams 
the normal balance between chohneigic and adrenergie actnity 

In etaluating experimental obseivations it may be as impoitant to 
know' what oigans ha^c been denervated b} the opeiation as it is to 
know the innervation of the resulting pouch Up to the piesent tune, 
scant attention has been paid to the w'lde distiibution of the \agus 
neries in the abdomen The hepatic and celiac blanches of these 
nen'es, for example, might W'ell be seveied inadveitentlv in making a 
“whole stomach pouch ” The lesulting loss of the chohneigic, paias}m- 
pathetic innervation to the liver, panel eas and intestine below' the 
stomach w'ould add to the difficulties of a digestne s\stem ahead^ 
hampered by the loss of the stomach itself 

Quantitative Collection foi Unlimited Pcnodi — The desciibed 
maneuver of bringing the stoma out in the flank peimits quantitative 
collection of secretion for an unlimited numbei of uninteiiuptcd houis 
and da}s PrcMous gastric pouches have depended foi quantitatne 
collection of secietion on an inlying tube or cathetei and a collection 
bottle slung beneath the animal’s abdomen These have necessitated a 
constant standing position for the animal, limiting the numbei of houis 
tor w'hich the expeiiinent could be maintained Prolonged tiaming 
was often required An animal with the pouch desciibed in this jDapei 
maintains throughout the period of observation a noimal life of 
standing, W'alking, lying and sleeping 

Secietion Unalteied by Mechanical Stimulus — Peiiodic catheteiiza- 
tion does not cause the same degree of mechanical stimulation as does 
catheterization by an inlying tube The presence of a cathetei similai 
to that described by Pavlov for collection of the secietion stimulates 
directly the mucosa of the pouch Such stimulation increases the output 
of mucin and neutral salt It is true that the pei iodic cathetei ization 
necessaiy with the pouch described in this paper must lesult in some 

13 Hollander, F, and Cowgill, G R Studies in Gastric Secretion I Gas- 
tric Juice of Constant Acidity, J Biol Chem 91 151, 1931 Data liaae been 
obtained also from this laboratorj These are not aet published 
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such mechanical stimulation The gentle passage of a small, sott 
lubbei catheter foi the twenty seconds necessary to empty a pouch, 
howevei, does not intioduce the error associated with the use of a 
largei, constantly indwelling tube 

Long Sw) vival of Expei tmental Annuals — The absence of digestion 
at the stoma of the pouch allows indefinite sui vival of the experimental 
animals A survival of four months is unusual in an animal with a 
pouch having its outlet on the anterioi abdominal wall Continued 
digestion inevitably results m leti action of the neck of the pouch and 
death from peritonitis 

Easy Cat e of Annuals — The time i equired by the laboratory tech 
nician foi the care of a dog with a gastric pouch is shortened to one 
thud by placing of the outlet in the flank Although catheterization 
IS needed, repeated painstaking dressings with alkaline earths or protein 
fluids aie not 


SUMMARY 

An anatomic study of the origin and entne distribution of both 
vagus nerves in the abdomen of the dog confirms the observation 
that the vagal supply of the Pavlov type of gastric pouch is not intac 
A gastric pouch in the dog, made from the anterior wall o tie 
body of the stomach, is described This pouch has the advantage 
an intact autonomic nerve supply, both vagal and sympathetic -t 
neural disturbance to digestive function is created by the forma lo^ 
of the pouch Only partial denervation, both vagal and 
produced m the residual portion of the stomach distal to tie pot 
and no other organ is denervated 

A new type of stoma for gastric pouclies is also descri e 
two stage procedure the outlet is made in the flank with the ° 
the pouch dependent from it Widespread digestion of ^ ossibk 
wall IS avoided, and long survival of the animal is ma e po 
Quantitative collection of secretion can be done over long perio s 
mechanical stimulation of secretion is reduced to a inmirnum 
atmg the necessity of inlying cannulas The animal is ena e 
normal life even during periods of observation The caie 
animal is greatly facilitated 



HYPERPLASIAS OF THE MAMMARY GLAND IN 
THE HUMAN BEING AND IN IIIF MOUSE 


AtORrilOrOGIC and TTIOLOGIC COMlvASlS 

HOWARD C JAALOR Tk , Af D 

AND 

CII \RLi:‘^ \ WAl J iM \N M D 

MW ^Ollk 

Evidence acciinmlaling in the last few ^c.ns has led lo wide aeeepl- 
anee of the thcon tliat new giowlhs of mamniaij tissue au due to 
abnoimal endoenne stiiiiulation E\anunation of this evideiiec shows, 
howeecr, that it pcrlains laigch to mamniaiy tuiuois in ■iiiinials and (hat 
the piccise nature of tlic Inpothctic giandulai d 3 sfunLtion, even with the 
much studied mouse cancel, is not known Esjiceially has little consid- 
eration been given (he extent to which genciali/alions dciivcd fioin 
animal stud) may justifiable be applied to the explanation of tumois 
nccui ring in man 

Nevcitheless, mamm.uy c<mcci m the mouse eontmucs to afloicl the 
best starting point foi the study of conditions undci whieh eancci of 
the bieast may develop Past cxpeiimcnts have .die.i(h shown (lu 
gtneial importance of the ovarian hoimonc, since it has been demon- 
strated that the incidence of tumors can be loweicd by oophoicctomv and 
laised by administration of estrogenic substances '1 he scaieh foi signs 
of a peculiai ovarian physiology m mice of the "high tumoi stiams’ 
might easily give some clue to the type of ovaiiaii dysfunction whieh 
should be looked foi m ivomcn with cancel of the bic.ist 

These studies aie, then, an attempt to bung into closci association the 
inoblems connected ivith mammaiy tumois in (he human being and in 
the mouse In paiticulai, they arc concerned with conliasting the 
moiphologic structuie of supposedly piccanccious lesions in the mouse 
and in man and with the possibilities of compaiable cndocimc distmb- 
ances undeilymg each Ihcy follo\v a line of rcscaich which we believe 
must be continually leluined to as new technics give oppoi (unities for 
new types of investigation and new physiologic knowdedge icqunes 

Prom the Memorial Hospital, Breast Scivicc of Dr Frank E Aclaii 

Aided by a grant from the International Cancel Rcscaicli roiindation and 
lom the Anna Fuller Foundation 
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charge from the nipple on the othci weie investigated on the basis of 
tissue obtained at opeiation fioin paits of the bieast outside the abnoimal 
tocus foi which the suigical pioceduie was undertaken The mateiial 
was thus adapted to show the geneial stiuctuie of the bieast in which 
these lespective symptoms occuried The piesent mateual is dif- 
feient m that the sections w'eie fiom the cncumsciibed aieas which 
provided the indication foi opeiative intervention The mateiial, then, 
should show' the more complex: chaiacteiistic lesions aiismg lespectiveh 
111 breasts of the two geneial t} pes 

METHOD 

The study of the patholog} of chronic mastitis was pursued m the 
tollowing manner The occurrence of special pathologic stiuctuies or 
processes, such as cysts, papillomas and fibiosis, was fiist tabulated for 
each case The cases w'eie then sorted into four categories based on 
general clinical characteristics The kind of histologic lesions chaiacter- 
istic of each clinical form was thus determined This step gave evidence 
that in the group of conditions geneially classed as chronic C 3 Stic mastitis 
one IS probably dealing with at least two separate entities The i ecogni- 
tion of such a subdivision is naturally essential befoie any attempt is 
made to compare spontaneous human wuth experimental animal mam- 
mary lesions 

LESIONS OCCURRING IN CHRONIC CYSTIC MASTITIS 

After considerable study it has seemed best to classify the lesions 
present in the 103 cases under foui principal heads, namely 1 Distoi- 
tion of the mammaiy aichitecture as a result of inciease m amount of 
fibrous tissue or of normally formed acini (adenofibrosis) 2 Prolifera- 
tion of atypical acini (adenosis) 3 Inflammatory disease of the ducts 
-I Neoplastic disease of the ducts 

1 Adenofibrosis — The normal mammary lobule consists of a gioup 
of small tubules, branches of a small duct lying within a zone of lelatively 
loose and cellular connective tissue This tissue causes the lobule to be 
more or less demarcated from the coaise, acellular connective tissue of 
the breast as a whole It has been compaied (Moszkowicz with the 
stroma of the endometrium and a functional similarity suggested, since 
each tissue surrounds active epithelial elements of the leproductive 
system and each is affected by the cycles of menstiuation and pregnancy 

The size of the lobules and their numbei unquestionably var} tie- 
mendously with the individual peison (Dieckmann") Mammary 

1 Moszkowicz, L Sexualzyklus, Mastopalhie und Geschwulstwachstuin dei 
Mamma, Arch f khn Chir 144 138-161, 1927 

2 Dieckmann, H Ueber die Histologic der Brustdruse bei gestortem und 
ungestortem Menstruationsablauf, Vii chows Arch f path Anat 256 321-356 1925 
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changed inteipietations The work has been divided into five principal 
sections 

1 A 1 eexamination of the histolog)" of the diffuse benign lesions 
commonly grouped under the term “chronic mastitis” to afford a basis 
for a morphologic comparison with lesions of the mammary gland of (be 
mouse 

2 A review of the clinical evidence for ovarian dysfunction in 
women with “chronic mastitis ” 

3 An examination of the gross and histologic structure of the mam 
maiy glands of two strains of mice (differing m their susceptibility to 
mammal y cancel ) at various ages, to compare the spontaneously develop 
ing epithelial lesions with those of “chionic mastitis” in women 

4 A histologic study of certain of the endocrine organs of the ti'O 
strains of mice in search for evidence of a specific physiologic difference 
betiveen the two strains 

5 An examination of the gross and histologic structure of the mani 
mary glands of the two strains after the injection of various endocrine 
substances, again in search of lesions resembling morphologically those 
present in “chronic mastitis ” 


I HISTOLOGY OF THE TWO MAJOR FORMS OF CHRONIC 
MASTITIS, ADENOFIBROSIS AND HYPERPLASIA 
OF THE DUCTS 

Disagreement as to the actual nature of the pathologic process 
in chronic cj^stic mastitis has existed since the earliest descriptions o 
disease In fact, the condition has been at various times regarded as^2^^ 
inflammatory process, a tumor, a congenital anomaly, a form of epi 
hyperplasia and a type of generalized fibrosis Reexamination o 
morphologic appearance of the diseased tissue is constantly necessary 
pathologic conceptions change, and is essential at present, 
parisons are being made between this disease and various lesions pro 
b)’^ administration of endocrine substances to animals 


AIATERI \LS ^ 

The pathologic material consisted of mammary 
operation from 103 patients with chronic cystic mastitis 
and eosin stains were used for all specimens, and for some 
stains (sudan III) and connective tissue stains (Massons trie i 
Van Gieson’s) also were employed Besides the ’ 

there were ar affable descriptions of the clinical aspects o 
the breast and data on the reproductive and menstrual co ■ 

In a prev lous paper the histologic picture associate ' 
trasted SMUptoms of pain and nodularity on the one la 
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chaige from the nipple on the othei weie investigated on the basis of 
tissue obtained at opeiation fioin paits of the hi east outside the abnoimal 
tocus foi vhich tlie suigical pioceduie was undei taken The mateiial 
was thus adapted to show the geneial stiuctuie of the breast in which 
these lespective symptoms occuncd Tlie piesent mateiial is dif- 
ferent in that the sections w'eie fioni the cncumsciibed areas which 
provided the indication for opeiative inteivention The mateiial, then, 
should show' the more complcK chaiactciistic lesions aiising icspcctiveh 
in breasts of the two general t\pes 

METHOD 

The study of the patholog} of chionic mastitis w'as puisued in the 
following manner The occurience of special pathologic stiuctuies or 
processes, such as cysts, papillomas and fibrosis, w'as fiist taliulated foi 
each case The cases W’ere then soiled into four categoiies based on 
general clinical characteristics The kind of histologic lesions chaiacter- 
istic of each clinical form w'as thus determined This step gave evidence 
that in the group of conditions geneiall)' classed as chionic C 3 'stic mastitis 
one IS probably dealing wuth at least tw'o separate entities The recogni- 
tion of such a subdivision is naturally essential befoie any attempt is 
made to compare spontaneous human wuth experimental animal mam- 
mary lesions 

LESIONS OCCURRING IN CHRONIC CYSTIC MASTITIS 

After considerable study it has seemed best to classify the lesions 
present in the 103 cases under foui principal heads, namely 1 Distoi- 
tion of the mammary aichitecture as a result of inciease in amount of 
fibrous tissue or of normally formed acini (adenofibiosis) 2 Prolifeia- 
tion of atypical acini (adenosis) 3 Inflammatory disease of the ducts 
4 Neoplastic disease of the ducts 

1 Adenofib) osis — The normal mammaiy lobule consists of a gioup 
of small tubules, branches of a small duct lying within a zone of i datively 
loose and cellular connective tissue This tissue causes the lobule to be 
more or less demarcated from the coaise, acellulai connective tissue of 
the breast as a whole It has been compared (Moszkowicz with the 
stioma of the endometrium and a functional similarity suggested, since 
each tissue surrounds active epithelial elements of the reproductive 
system and each is affected by the cycles of mensti nation and pregnancy 

The size of the lobules and their numbei unquestionably var} tie- 
mendously with the individual peison (Dieckmann -) klammary 

1 Moszkowicz, L Sexualzyklus, Mastopalhie und Geschwulstwachstuni dci 
Mamma, Arch f khn Chir 144 138-161, 1927 

2 Dieckmann, H Ueber die Histologic der Brustdruse bei gestortem und 
ungestortem Menstruationsablauf, Virchows Arch f path Anat 256 321-356, 1925 
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changes in relation to the menstrual cycle are probable, but these can 
scarcely affect the actual number of tubules ( Moszkowicz , ^ Died 
mann,“ Dawson^) It is impossible to establish a “standard breast,” 
and it will lead to eiror if a diagnosis of pathologic hyperplasia is made 
simply on the basis of the unusually large size or number of the lobules 
The simplest and pi obabty the earliest lesion to be observed in the 
painful nodulai breast without secretion is a loss of the normal architec 
tural relation of the lobule (table 1) This is apparently the result of 


Table 1 — Clinical Type in Relation to Pathology of Lobule and Acuu 


Number of cases 

Deflmtion of lobules 
Good 
Variable 
Fair 
Poor 


Group 1 
Pain 

Group 2b Group 2c Groups 
Group 2a Sangm Inde Pain 

Group 4 

and 

MiUvy 

neous 

terminate 

and 

No 

Nodu 

Dis 

Dis 

Dis 

Dis 

Symp 

larity 

charge 

charge 

charge 

charge 

toms 

47 

11 

9 

17 

9 

10 

6 

2 

1 

3 

0 

3 

5 

5 

0 

2 

3 

1 

2 

15 

1 

0 

5 

3 

21 

3 

4 

7 

3 



Total 

lOo 


IC 

r 


Cause of lobular distortion 
No distortion 6 

Underdevelopment 6 

Fibrosis 13 

Fibrosis and cystic dilatation 3 

“Diffuse fibroadenoma” 3 

Fibrosis and acinar diffusion 4 

Diffusion of acini 7 

Cystic dilatation onl 5 5 


2 

3 

0 

0 

0 

3 

0 

3 


1 

4 

1 

0 

0 

1 

1 

0 


3 

6 

1 

0 

1 

0 

5 

1 


0 

1 

1 

1 

0 

1 

4 

1 


3 

1 

0 

1 

0 

0 

s 

2 


li 

”1 

IC 

j 

t 

9 

00 

1" 


Dilatation of acini 
None 
Slight 
Moderate 
MarLed 


12 1 2 

17 6 4 

14 3 3 

4 10 


5 


2 

5 

5 


1 

1 

5 

0 


2 

1 

4 

3 


29 

SI 

SI 

iJ 


Abnormal acinar proliferation 
None 29 

Fibrosis and acinar diffusion 7 

Diffusion atypical acini 7 

Hypertrophic acmi 5 

Solid acini 2 


7 7 11 

3 1 1 

0 1 “ 

0 0 

1 0 


4 

1 

4 


7 

0 

3 

0 

3 


Ck) 

It 

"0 

c 


Periacinar Influnmation 
None 
Slight 
Moderafe 
Marlved 


20 

18 

3 

0 



thiee principal processes fibrosis of the specific connective 
lobule diffusion of the glands beyond the confines of the lobu e 
the general supporting tissues of the breast and 
changes in the glands within the lobule a Fibrosis The 
of fibrosis as one of the essential processes m human mamman 
is easil} demonstrable On clinical examination the gland itse 
hard, disklike and sharply defined from the overhmg 
On gross section the breast is white dense and shining 

■ „ f \ Morp-" 

3 Davson, E K Sweat Gland Carcinoma of the Breast 
Histological Socieh Edinburgh M T 39 409-438 1932 
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ance of much of the adipose tissue Surprisingly, m micioscopic section 
even of breasts with a history of lecent inaiked inciease in size, 
epithelial elements are actuall} laie and insignificant m the mass of new 
fibrous tissue Such cases have been noted in a pre\ lous publication and 
b} Leriche^ 

Emphasis has been placed on fibiosis by a considerable list of writers 
Alarchand,® who ^^as among the fiist, actually used the teim “diftuse 
fibromatosis ” Lexer,® also using this teim, noted that the mtei glandular 
tissue at times has an almost scleiotic quaiitv and stated the belief that 
the c\stic dilatation is due to compiession of the ducts Berthels " like- 
wise maintained that the inciease in connective tissue is the primal y 
process and that as a result ot the mgiowth of mterlobulai tissue into 
the lobules the acmi are separated and strangulated Secondar}' to this 
fibiosis there deielop, accoiding to this writer, secretion stasis, round 
cell infiltration and regressive and piogressive epithelial changes Many 
other writers have placed great importance on the connective tissue 
aspects of the disease (Dietrich,® Todyo,® Kuckens,^® Consten “) 
Still others, though not regarding the connective tissue change as the sole 
piimary one, ha\e accorded it more oi less iinpoitance (Theile,^- 
Cheatle and Cutler,^® Semb,^'‘ Greenough and HartwelM®) and have 
agreed that it is associated with the new formation of epithelial elements 

4 Lenche, R H>pertrophie immmaire douloureuse, fletne par castration, 
Lion chir 20 653-655, 1923 

5 Marchand Diffuse Fibromatose dcr Mamma, Munchen med Wchnschr 
63 396, 1916 

6 Lexer, K Fibromatose der Mamma, Beitr z klin Chii 88 662-670, 1914 

7 Berthels, A Ueber die Mastitis chronica (cystica) und ihren Uebergang 
111 Carcinom, Deutsche Ztschr f Chir 124 9-45, 1913 

8 Dietrich, A Ruckbildungs\organge, Fibromatose und Krebs, Deutsche 
Ztschr f Chir 195 145-156, 1926 

9 Todyo, T Ueber die cystische Entartung der Brustdruse, Arch f klin 
Chir 101 440-454, 1924 

10 Kuckens, H Ueber die Fibrosis mammae und die mit ihr zusammen- 
hangenden Geschwulstbildungen, Beitr z path Aiiat u z allg Path 80 40-115, 
1928 

11 Consten, A Ueber die diffuse Fibromatose der Brustdruse beim Manne, 
Deutsche Ztschr f Chir 167 264-281, 1921 

12 Theile, P Zur Kenntnis der fibroepithelialen Veranderungen der Brust- 
druse unter Berucksichtiguiig des klinischen Verhaltens, Arch f klin Chir 28 
261-302, 1908-1909 

13 Cheatle, G L , and Cutler, M Tumors of the Breast, London, Edward 
Arnold & Co , 1931 

14 Semb, C Pathologico-Anatomical and Clinical Investigations of Fibio- 
a enomatosis Cystica Mammae and Its Relation to Other Pathological Conditions 
in Mamma, Especiallj Cancer, Acta chir Scandinav (supp 10) 64 1-484, 1928 

r ^feenough, R B, and Hartwell, H F Chronic C>stic Mastitis A Studj 
ot Thirtj Cases, J M Research 9 416-444 1903 
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In this senes, simple fibrosis or connective tissue proliferation in 
association with glands was evident in the majority of the cases m vhidi 
pain and nodularity were present (table 1) It occurred in several 
forms In one the entire supporting tissue of the bieast was reduced 
to dense acellular hyaline connective tissue with islands of almost lost 
acini m clusters without any of the usual “mantle” connective tissue 
about them (fig 1) In some areas, not dissimilai in appearance to 
those observed m myomas of the uterus, hyaline degeneration was noted 
In such cases the entiie supporting connective tissue of the breast had 
apparently been involved, with replacement not only of the parenchjma 
tons but also of the adipose tissue of the breast In another type some 
evidence of lobulation remained, but the individual acini were separated 
and entirely surrounded by dense connective tissue replacing the normal 
loose aieolar tissue of the lobule (fig 2) Finally, in rarer cases, 
laminated concentric rings of connective tissue surrounded the ducts 
and the acini and gave a fibroadenomatous structure Sometimes thn 
merely demarcated single lobules from the surrounding tissue, in other 
instances the areas of diffuse fibrous and adenomatous change graduail) 
became nonencapsulated fibroadenomas Evidence of inflammation va' 


notably absent in these cases 

b Fibrosis with Diffusion of Glands In a smaller percentage o 
cases the lobulation was found to be lost as a result of diffusion oi 
1 datively normal-appearing glands through the supporting tissue of t e 
breast Arrangement of glands in lobular form was not present, but sing 
tubules, often somewhat dilated, weie scatteied at more or less regua 
intervals throughout the microscopic fields (fig 3) That prohferati ^ 
of connective tissue accompanies this development of acini is a 
certainty but is hard to prove except when the diffuse acini 
rounded by a definite zone of typical periacmar connective tissue 
a nonencapsulated fibroadenoma is probably analogous with the i 
adenomyoma of the uterine walls, with its glands and accompai 


endometrial stroma , „ 

The normal lobular architecture may also be disturbed by 

of the acini to form small cystic structuies This process is 

accompanied by some degree of fibrosis or diffusion of the acini 

^ ° , f nf the gcnciV' 

the confines of the lobule and appears to be simply a part o 


condition described as adenofibrosis ^ 

2 Pi ohfei ahon of Abnoimal Acini — A good deal of ,, 

possibty somewhat futile, has existed over the distinction le 
duct and an acinus or alveolus Certain writers prefer ^ ^ 
issue by reserving the term alveolus or acinus for the secre 
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1 — Diffuse fibrosis of the breast with absence of lobules in a mairied 
t'oman aged 41 with marked nodulanty and premenstrual mammary pain The 
patient had had one miscarriage The menses were normal 
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Fig 2 — Intralobular fibrosis in a childless married woman age jjjg ti= 
menstrual pain and marked nodularity The menses were norma 
i\as obtained on the eleventh dav of the cvcle 
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'ff 3 Loss of lobulation by diffusion of acini in a married woman aged 38 
With premenstrual pain in the breast and nodularity of the outer quadrant The 
patient had had children The menses were normal The tissue i\as obtained 
on the fifth day of the cycle 
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of the lactating gland and ref ei ring to the smallei units in the gland oi 
the nonpregnant female as ductules (Dawson 

The niattei is not without importance In the lower animals, in 
which the distinction can more easily be made, the growth of the duct 
system has been asciibed, on the basis of ceitain expei imeiits, to one 
glandulai piinciple and that of the acini to another (Turner and 
Flank This theoi}^ of contiasting physiologic oiigin has been 
earned over to human pathology and made the basis of a theor}' ot 
origin of diffeient t3'pes of mammaiy disease, one based on the estro 
genic and the othei on the corpus luteum hormone (Lewis and Gesdnk 
tei ^') A second point of importance is that human mammary cancer 
IS now legaided as usually ductal in oiigin and only exceptionalh 
acinai The ability to distinguish, theiefore, between ducts and acini 
m the human bieast is of immediate theoretic and ultimate practical 
impoi tance 

The liteiatuie indicates a decided confusion in the identification b) 
vaiious wiiteis of these difteient stiuctmes From perusal ot their 
woik and fiom observation of this senes of cases, it appears to us 
doubtful that arbitrary distinctions between the terminal ducts ^ 
acini are possible A sharp difterence in then physiologic control i e 
wise seems improbable, and to distinguish them after a pathologic process 
has set in, quite impossible When the terms are used in the folloniOo 
pages, the word acinus is employed to refer to the tubules of sma es^ 
caliber, especially when grouped in a lobular arrangement, W’O 
statements on the behavior of the ducts are based as a rule on o sen 


tions made on onty the medium and larger ducts 

Piolifeiation of abnormal acini was not a common 
series of cases and when it occuned exhibited several foims 
group the tubules were dilated and lined by'- several tiers of on c* ^ 
cells In another group many of the acini were enlarged and 
be proliferating In a thud gioup there vas apparently an increase 
number of very small tubules, often so closely packed as to 
a few fibers of connective tissue between them and frequen } 
the form of solid cell groups (fig 4) Areas were encountere 
places where distorted cords of cells and acini extended ^ 

beymnd what should have been the margin of the lobule 
mentioned type, occurring rarely in this series of cases, resem 
what a miniature carcinoma 


16 Turner, C AV, and Frank, A H The Relation VaSi-jr- 

Producing Hormone and a Corpus Luteum Extract on the Growth o 

Gland, Science 73 295 1931 Kelat'®'’ 

17 Lewis, D, and Geschickter, C F 0\arian Hormones m 
Chrome Cjstic Mastitis, Am J Suig 24 280-304, 1934 
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]\Ioi phologically consideied, this atypical acinar proliferation bears a 
close relation to the common diffuse process just described as adeno- 
fibiosis It IS pel haps simply a subdnision of that condition, ari-irg 
locally as lelatnel} intense piohteration or even legeneration ot acm' 
On the other hand, examples of it veie found also in sections Iron 
patients with secietion from the nipple and e^en uith breasts apparen'K 
normal except foi the lump lemoied 

This lelatneh uncommon acinai proliferation maj be of consider 
able importance It is the form of human mammaij’' lesion vliich, a 
■will be pointed out latei, resembles most close!} the tipe of abnormal 
pioliferation developing m the glands of mice susceptible to mamman 
carcinoma 


3 Disease of the Ducts — In the simplest form of disease ol tie 
larger mammary ducts, the chief pathologic feature is not neoph m 
but inflammation The lining of the duct is normal The caliber i 
perhaps somewhat inci eased, but the connectne tissue beneath the duct 
is infiltiated with l}mphocytes and sometimes plasma cells, scattert 
diftusely oi occurring m small collections (fig 5) The inflammatio* 
is most marked about the large and medium-sized ducts, but it occa^ 
sionally extends into the lobules, Inch are edematous and m tra 
with 1 ound cells This inflammation is apparentl) due to j 

degeneiating secretion and duct contents It is found m the 
Mith a dischaiging nipple and subareolar thickening and ne\er m 
type with diffuse, fibious nodularity and piemenstrual pain 

In some of the cases studied the ducts contained "jn 

pale-stainmg c) toplasmic bodies and round, distinct nuclei ( 
othei s, similar cells lined the ducts or were noted in arious s ‘ 
sepaiation from them The ducts with these swollen, 
cells showed in a few instances eiidence of prohteiation , 2,11 

lining cells (fig 7) This condition, appai ently similar to t le ^ ^ 

ative Inpeiplasia’ ot Cheatle and Cutler,^'’ was encountere 
cases ot duct stasis Whether these cells represent 
epithelium m some stage of function or degeneiation or are 


ing endothelial leukoc} tes is not certain . ^ 

4 Ahnonnal Piohfciation of Ducts — H}perplastic aiid^ 
disease of the larger ducts mar develop with one 0 two 

epithelium rloohilic c' 

a “Sweat Gland” Epithelium The cells of tl.o 

“sw eat gland ” epithelium are cylindric, se\ eral times a-^ a^- micko'’ 
of normal ducts 01 acini, ■with a round lesicular 
and abundant eosinophilic, famtl} granular ci toplasm tub^- 

•was found in the form of various structures, nameh a 

vnthm a cluster of otherwise normal!} staining ducts a 
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Fig 5 — Periductal inflammation in a married woman aged 36 with a >elIowish 
ischarge from the nipples The patient had had children She was menstruating 
or two and one-half days at intervals of twenty-one days The tissue was obtained 
on the eighth da> of the c^cle 
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P'S 7 — “Desquamative hyperplasia” in a married woman aged 42 with neither 
pain nor a discharge from the nipple, operated on for a circumscribed nodule arising 
'n the breasts with moderate bilateral diffuse nodularity The patient had had 
children The menses were normal 
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Fig 8 — Hj perplasia of the lining of the ducts in a married '' ,n an 
complaining neither of pain nor secretion but simply of an isolate 
otherwise normal breast The patient had had children The menses 
The tissue was obtained on the fourteenth day of the c^cIe 
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9 — Small papillomas and "arcades” in the ducts oi a married woman 
aged 62 with no symptoms or signs except a serosanguineous discharge from the 
left breast The patient had had children She had been se\en ^ears in the meno- 
pause 
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gioup of tubules ni a normally constructed lobule or as the lining of 
all the membeis of a clustei of cysts Cysts composed of “pale” epi- 
thelium have many pi ejections into then cavities, which, however, have 
sometimes moie the appearance of bioken septums than of true papillae 

This “pale” epithelium is a characteiistic finding m cases of human 
chiomc cystic mastitis It has been accorded a varying degree of 
importance since its fii st description by von Saai Ki ompechei ’s 
work claiming that the “sweat gland” cysts are the result of a congenital 
anomaly and that they give rise to carcinoma represents one extreme 
view Dawson,® at the other extreme, maintained that they aie directly 
derned from normal epithelium and have no relation to sweat glands 
or to caicinoma formation She concluded that their peculiar staining 
leaction indicates a previous proliferation followed by a form of degen- 
eration Our studies do not indicate the association of this epithelium 
with any special type of chronic mastitis 

b Neoplastic Piolifeiation of Duct Lining More definite eii- 
dence of piohferation uas found in the ducts composed of iioiinally 
staining cells Perhaps the simplest structure noted was the formation 
of clusters of dilated ducts with relatively low, inactive-appearing epi- 
thelium In slightly largei ducts small cells were found heaped up so 
that the epithelium consisted of several layers of cells (fig S) M 
others the lining of the duct was much more complex, “arcades” and 
small papillomas being present (fig 9) In a few cases smaller ducts 
were completely occluded by cells, while in the larger ones complex 
papillomas were present These diffeient structures appear to be mem- 
bers of a piogiessive senes of pioliferative forms of the same basic 
nature 

SUMMARY 

It may be reiterated that foi a claim to be made that “chronic cjstic 
mastitis” has been reproduced experimentally in animals, at least a fair 
proportion of the morphologic forms of the human disease must be 
demonstrable These may^ now be summaiized as follows 

1 Adenofibrosis 

a Fibrosis of the lobule 

b Difiuse proliferation of normally constructed acini "it 
connectne tissue 

18 ■son Saar, G E Ueber Cystadenoma mammae und Mastitis cbm” 

c^suca, Arch f khn Chir 84 223-279, 1907 ^ 

19 Krompecher, E Zur Histogenese und Morphologic der 
(Maladie ksstique Reclus, Cystadenoma Schimmelbusch, Mastitis chronica 
Konig) des intrakanalikularen Kjstadcnoms und der K^ stadenokarzi^ni^ 
Hidrokj stadenocarcinoma der Brustdruse Beitr z path '\nat u z alig 
403-472, 1916 
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2 Abnoimal acinai piolifeiation 

a Multiplication of labels of cells lining the acini 
b ]\'Iultiplication of small acini in lobulai airangement 
c Loss of lobulation b)^ diffusion of acini 
d Appeal ance of solid tubules and coalescing cell masses 

3 Non-neoplastic disease of the ducts 

a Dilatation of the ducts with secietion m the lumens 
b Inflammation of peiiductal tissues 
c Abnoimal function or degeneiation of epithelium 

4 Abnoimal prolifeiation of duct cells 

a Sweat gland epithelium 
b Neoplastic proliferation of the ducts 

I Groups of cystic ducts 

II Reduplication of the cells lining the ducts 

III Foimation of “arcades” 

IV Occlusion of ducts by cells 

V Papillomas 

EVIDENCE rOR SEP \RATION OF TWO DISTINCT ENTITIES 
FROM THE GROUP OF CONDITIONS CALLED 
CHRONIC CYSTIC MASTITIS 

A review of the literature on chionic cystic mastitis shows an almost 
complete absence of woik correlating clinical aspects with specific histo- 
logic characteristics Such a correlation is of obvious importance 
From a purely piactical standpoint it is of value to know the probable 
micioscopic structuie underlying given clinical manifestations Further- 
more, classification is simplified by consideration of a few general char- 
acteristics, such as the clinical signs and the gross appearance of the 
tissue Dependence should not be placed wholly on the complex patterns 
of histologic structure 

It was formerly assumed that the various morphologic forms 
observed in the diffuse benign processes in the breast represented 
various stages m the life history of a single process Moie lecentty 
there has been a tendency to segregate certain separate types of the 
disease and to develop the belief that they represent distinct entities 
Cheatle and Cutlei have distinguished between “mazoplasia,” a con- 
dition characterized m part b}" hyperplasia of the pericanalicular and 
penacinar tissue, and “cystipherous desquamative epithelial hyperplasia,” 
a more active process with hj'perplasia of the epithelial cells of C3'sts and 
formation of arcades and papillomas Lewis and Geschickter have 
somewhat less definitely separated “adenosis” from “c3'stosis,” and 
Semb,^< “fibroadenomatosis simplex” from “fibroadenomatosis C3'stica ’ 
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The 103 cases m the piesent study were classified on the basis of 
certain general characteristics into the following four groups, at first 
without reference to their histologic characteristics 

1 Cases of pain in the breast, usually premenstrual, and diffuse 
increased density or nodularity of the breasts with no secretion from 
the nipple (47 cases) 

2 Cases of discharge from the nipple, usually with slight acyclic 
pain and little nodularity except for the distended ducts about the nipple 
(37 cases) This group was subdivided into (a) cases of typical milky 


Table 2 — Clinical Type in Relation to Pathologic Change in Ducts 



Group 1 


Group 2b Group 2c Groups 




Pam 

Group 2a Sangui 

Inde 

Pam 

Group 4 



and 

Milkj 

neous 

terminate 

and 

^0 



Nodu 

Dis 

DlS 

Dis 

Dis 

Symp 



larity 

charge 

charge 

charge 

charge 

toms 

Total 

dumber of cases 

47 

11 

9 

17 

9 

10 

lUd 

Inflammation of duct 








None 

37 

1 

5 

2 

2 

4 


Slight 

6 

5 

3 

5 

6 

G 

is 

Moderat 

4 

1 

1 

7 



lo 

Marked 


4 

0 


1 

1 

9 

Dilatation of duct 








None 

13 

0 

1 

1 

0 

0 

Jo 

Slight 

25 
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2 

4 


S6 

Moderate 

6 
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8 

2 

7 


Marked 

3 

5 

0 

6 

3 

1 

18 

Pale epithelium 








Ab'ent 

36 

9 

6 

14 

6 

5 


Small areas 

5 

0 

0 

2 

0 

1 


Papillarj cjsts 

6 

2 

3 

1 

S 

4 


Abnormal proliferation of duct epithelium 







^one 

33 

4 

4 

4 

6 

4 


Clusters of cystic ducts 

O 

1 






Eeduplication of lining epithe 








hum 

s 

6 

1 

6 


5 


“ Arcades’ 


1 

1 





Solid epithelial masses 

1 


1 

4 




Small papillomas 

ft 

J 

1 



3 



Large papilloma"- 

0 


4 

4 


3 



dischaige, (&) cases of serosanguineous discharge, and (c) cases of a 
mixed or unclassifiable type of discharge 

3 Cases in which the characteristics of both groups were 
that is to say, premenstrual pain, diffuse nodularity and discharge 

the nipple (9 cases) ^ 

4 Cases m which ,the characteristics of both group 1 and group^^ 
ere absent , that is to say, m which there was neither pain nor 

from the nipple, the only sign being a symptomless lump m an 
vise nonnal breast (10 cases) ^ 

Tables 1 and 2 show that vith certain clinical characteristics a 
dominance of one type of histologic lesion may' be expected 
Gt oup 1 — On clinical examination the painful nodular breast 
enlarged and the gland itself is sharph demarcated trom t e 
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overlying fat Fiequently the edge of the niammaiy tissue is so well 
defined as to have a clearly saucer-like outline Usually the induration 
IS more marked in the outei quadiant and the central ducts are not 
evident on palpation Theie is no secietion from the nipple 

Reports on the histologic appeal ance of this condition aie ambiguous 
and contradictory Sebening-® has described foi it a state of chionic 
proliferation of the lobules, with their failure to take pait m what he 
conceived to be the normal changes of the menstiual cycle Cotte and 
Pallot-^ described a thickening of the peiiacmai basement membrane 
Rosenburg-- ascribed the premenstrual pain to epithelial piolifeiation , 
Moszkowicz ^ ascribed it to hyperplasia of the glandular fields, and 
Qieatle and Cutler asciibed it to distention of the ducts with desquam- 
ation of the epithelial cells The extieme examples, such as the one 
described by Leriche ^ as generalized fibi osis, perhaps aftoi d bettei 
material foi discovering the essentials of this pathologic piocess than 
do the mild conditions, for in the lattei the chaiactenstic tissue changes 
may not be developed enough to be classifiable 

In the present series of cases the most consistent abnormality was 
distortion of the lobule, usually by fibrosis (figs 1 and 2), sometimes 
by a coordinated growth of fibrous tissue and acini (fig 3) Slight 
dilatation of the acini was often present, but the ducts were relatively 
normal Evidences of inflammation weie practically absent Abnormal 
proliferation of the acinar or ductal epithelium occurred at times but 
was a relative rarity 

The disease apparently takes various forms At one extreme there 
IS some localization of the lesion, producing a structure transitional to 
the fibroadenoma In other examples the process is diffuse, and one 
notes the separation and diffusion of the acini by strands of coarse con- 
nective tissue That the general supporting tissue of the breast partakes 
in this process is shown by the disappearance of adipose tissue, evident 
even on gross examination of some specimens When the breast is 
markedly affected, microscopic sections show little but the acellular, 
sometimes even hyaline, connective tissue with small islands of lost 
acini New acini may also be found m some cases in which one observes 
diffusely growing connective tissue and acini without evidence of lobule 
formation 

20 Sebening, W Zur Physiologic und Pathologic der Brusidnise Arch f 
khn Chir 134 464-485, 1925 

21 Cotte, G , and Pallot, G Etude histologique ct cxpcrimentale de certaines 

liyperplasies mammaires premenstruelles douloureuses, Gjnec et obst 33 113-133 
1936 

22 Rosenburg, A Ueber menstruelle, durch das Corpus luteiim bedingte 
Manitna\eranderungen, Frankfurt Ztschr f Path 27 466, 1922 
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The piocess is at times complicated by atypical and what mav iiell 
be later developing epithelial proliferation (fig 4) That these changes 
are secondary is suggested by their inconstant piesence and the fact 
that the}'^ aie unevenly distributed or only focall} piesent The fre- 
quency of these less typical changes is, of course, exaggerated in such 
a senes as this, in which the tissue removed represented more or less 
circumscribed nodules 

The basic process in the painful nodular breast is therefore fibrosis 
or at most adenofih osis The clinically evident increase in the densit} 
of the breast is due to the new fibrous tissue and the premenstrual pain 
to engorgement and edema of the lobules within the nonyielding fibrous 
connective tissue about them The histologic structure and the clinical 
symptoms are closely analogous to those associated with uterine adeno 
myosis The propei term to desciibe the condition pathologically is 
fibroadenomatosis, as suggested by Semb,^^ or, more simpty, adeno- 
fibrosis 


Gioiip 2a — The gross characteristics in this gioup are distinct from 
those of the preceding one The induration is moie central (it may 
even be entirely retioaieolar) and has never the characteristic localira- 
tion 111 the outer quadrants When the breast is cut grossly, the tissue 
has not the smooth, shining, pure white appearance of that in the pre- 
vious group but may be honeycombed with cavities which ooze a min') 
fluid or tubular casts of pasty material 

In this general gioup the basic histologic change is dilatation of the 
larger ducts and the filling of these with amorphous material or 
colosti um-hke cells (figs 6 and 7) About the ducts there appears a zone 
of lymphocytic infiltration of A'ariable extent (fig 5) Occasiona ' 
necrosis takes place and local abscesses develop The lobular structure 
IS sometimes normal, but often the lobules are laige and numerous 
some sections, on the other hand, especially those taken near the areo 
the lobules may be small or insignificant Often there is edema of t'O 
lobules with considerable lymphoid infiltration suggesting an ascent o 
infection along the ducts to this point Signs of secretion ■\\ithin i 
cells of the lobules may be present, but such secretion is often unex 
pectedly slight 

In this series, atypical epithelial proliferation was not a consis c 
finding m the cases of milky^ discharge from the nipple ^ 
occurred, it usually took the form of reduplication of the lining ce^- 
(fig 8) of the large ducts Rarely% more complex structures, suci a 


small papillomas, uere present 

Gioup 2b — In the typical case of this group there was bleeding 
the nipple, often vith no other clinical abnormalities On gross s 
a dilated duct might be seen, ^Mth perhaps a definite papiUonia 
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This group IS characterized histologically by various types of epi- 
thelial hyperplasia, especially of the ducts There may be reduplica- 
tion of the epithelial lining, formation of pseudofollicles or “arcades” 
(fig 9) or complete filling of the ducts with solid masses of cells or by 
complex papillomas The absence of these structures in the histologic 
sections in some cases of bleeding is perhaps to be explained by the 
failure of either the surgeon or the pathologist to select the right area 
for section 

Gioup 2c — The group with mixed types of discharge, variously 
designated as “watery,” “serous” or “amber colored,” apparently 
included representatives of each of the two preceding groups 

Gi oup 3 — ^The group v ith both cyclic pain and discharge from the 
nipple was also heterogeneous Histologic study showed both the acinar 
and the ductal type of structure 

Gioup 4 — The clinical feature of this group was the absence of all 
mammary changes or symptoms except for an isolated lump As might 
be expected, in several of these cases the condition was simply a local- 
ized adenomatous process affecting both lobules and ducts and exhibiting 
a very complex structure 

CONCLUSIONS 

1 There are at least two, and possibly more, separate entities which 
have been called chronic cystic mastitis 

2 The first type is characterized clinically by a diffuse nodularity, 
more marked in the outer quadrant, and by premenstrual pain On 
gross section an increase in fibrous tissue is often evident The basic 
histologic lesion is fibrosis or adenofibrosis involving the interstitial 
fat as well as the periacinar tissue The ducts are relatively little 
affected Dilatation of the glands and various evidences of epithelial 
hyperplasia are important and frequent complications but do not chai- 
actenze the disease The condition is analagous to adenomyosis of the 
uterus and should be termed adenofibrosis 

3 A second definite type of mammary disease is characterized by a 
discharge from the nipples, often associated with palpable dilatation of 
the ducts near the areola The basic histologic observations are edema of 
the lobules with perhaps some evidence of secretion in the cells, dilata- 
tion of the ducts, periductal inflammation and possibly some hyperplasia 
of the lining of the ducts Depending on the conditions present, the 
disease should be termed nonpuerperal lactation, periductal inflamma- 
tion or duct hyperplasia 

4 A third type is perhaps to be recognized m lesions arising more 
or less locally, such as a single papilloma m the larger ducts or the 
isolated nodules of Schimmelbusch’s disease 
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5 The exact charactei of the individual lesions of chronic cystn. 
mastitis and the association of certain of these to form separate entities 
must be recognized before any comparisons can be made with the lesions 
artificially produced b}' administration of endocrine substances to the 
lower animals 


Table 3 — Clinical Type of Mainmaty Disease in Relation to Rept odiictivc and 
Meiistiua’ Histoiy and to Pelvic Lesions 



Group 1 


Group 2b Group 2c Groups 


Pam 

Group 2a Sangui 

Inde 

Pam 


and 

MilLy 

neous 

terminate 

and 


Nodu 

Dis 

Dis 

Dis 

Dis 


larity 

charge 

charge 

charge 

charge 

Number ol oases 

47 

11 

9 

17 

9 

Average age 

35 0 

36 3 

4S4 

41 1 

S3S 

Reproductive history 

Single 

15 

0 

0 

0 

1 

Married, stenle 

11 

0 

2 

0 

1 

Mamed, misearriages only 

4 

1 

0 

0 

0 

Mamed, children 

17 

10 

7 

17 

7 

Menstrual characteristics 

Normal ojcle 

34 

5 

4 

9 

C 

Short cycle 

5 

0 

0 

2 

2 

Long oj cle 

2 

6 

2 

1 

0 

Irregular cycle 

3 

0 

0 

0 

0 

Hjsterectomy 

3 

0 

0 

I 

1 

Menopause 

0 

0 

3 

3 

0 

Normal duration 

35 

9 

5 

11 

6 

Short duration 

9 

2 

1 

2 

2 

Pel vie evamination 

Normal fundus 

14 

3 

5 

6 

3 

Retroversion, 2 to 3 degrees 

9 

5 

1 

7 

3 

Pre\ lous hysterectomy 

3 

0 

0 

1 

1 

other pathologic change 
fundus 

of 

2 

0 

1 

0 

0 

Normal adne\a 

22 

7 

7 

13 

4 

Diseased adnexa 

6 

1 

0 

1 

3 

Normal cervix 

14 

2 

5 

6 

2 

Diseased cervix 

14 

6 

2 

S 

5 

No examination 

19 

3 

2 

3 

2 

Type of mammary pain 

Cy die pain 

36 

0 

0 

0 

y 

other pain 

11 

3 

2 

2 

0 

No pam 

0 

8 

7 

15 

0 

Breast 'ecretion 

Secretion unilateral 

0 

2 

6 

15 

•1 

“lecretion bilateral 

0 

9 

3 

2 

5 

No secretion 

47 

0 

0 

0 

0 

Breast consistence 

Nodularity diffuse 

10 

5 

1 

4 

1 

Nodularity, outer quadrant 

30 

S 

0 

0 

4 

Nodularity central 

0 

2 

3 

5 

1 

Normal consistency 

3 

1 

5 

S 

1 

No note on consistency 

4 

0 

0 

0 

o 


Group 4 
No 
Symp 

toms lotal 

10 103 

42 2 3 


3 19 

3 IT 

0 5 

4 O’ 


1 

2 
0 
0 
0 
1 
6 
3 


65 

11 

11 

3 

5 

7 

72 

19 


3 

4 
0 

0 

7 

0 

0 

2 

3 


34 

29 


3 
CO 
11 

4 

37 

3’ 


10 


4o 

n 

40 


0 

0 

10 


2i 

n 

57 


2 

0 

0 

s 

0 


37 

II 

2j 

6 


II ENDOCRINE DYSFUNCTION IN WOilEN WITH 
CHRONIC CYSTIC MASTITIS 

The clinical evidence for an endocrine dysfunction in a series^ ^ 
cases of chronic mastitis and the results of certain hormone assays 
part of this group were recently published in detail The 
indicated that a considerable percentage of patients vith 
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mastitis suffered from abnormal menstrual peiiods At the same time, 
studies on the excretion of estrogenic and gonadotropic hormones, with 
the limitations of technic then available, failed to show any significant 
deviations from the normal In the present paper it is pioposed only 
to report the clinical evidence of ovarian disorder obtained fiom the 
study of 103 cases on which the histologic work was based and in par- 
ticular to correlate the functional history with the pathologic types 

In table 3 are set forth data on the endocrine factors w Inch may have 
affected the breasts of the patients Two points are of special impor- 
tance, reproductive histor}'' and menstrual distuibances 

REPRODUCTIVE HISTORY 

Of the patients with painful nodular breasts, only 17 of 47 (36 2 pei 
cent) had borne children, while of the patients with discharge from the 
nipple 41 of 46 (89 2 per cent) had childien All of the patients with 
a simple milky discharge had been pregnant This conti ast was evident 
also in the cases of the previous report and is clinical conoboiation of 
the claim that two distinct entities are being dealt with 

MENSTRUAL DISTURBANCES 

Disturbances of the menses affect a minority of patients v itli chronic 
mastitis but are more frequent than m normal women A deciease in 
the amount and duration of the menstrual flow in the cases of painful 
nodular breast (adenofibrosis) has been noted by several previous 
writers and was again evident in about a fifth of the present series 
The consistency with which this rather uncommon anomaly of men- 
sti nation has been reported m this type of case appears to establish its 
association with the disease 

23 (a) Cooper, A P Illustrations of the Diseases of the Breast, London, 
Longmans, Rees & Co , 1829, chap 9, p 76 (i>) Copland, J A Dictionary of 
Practical Medicine, New York, Harper & Bros , 1859, pt 5, pp 929 and 936 
(c) Cutler, M The Causes of “Painful Breasts” and Treatment by Means of 
Ovarian Residue, J A M A 96 1201-1205 (April 11) 1931 (ft) Miller, C J 
Pelvic Lesions as a Contributing Factor in Chronic Cystic Mastitis, Am T Obst &. 
Gynec 10 375-379, 1925 (c) Rosenthal, M Ueber Neuralgieen der Mamma 

und neuralgische Brustdrusenknoten, Wien med Presse 14 25-28, 1873 (/I 

Taylor, H C, Jr Gynecological Aspects of the Etiology and Treatment of 
Chronic Mastitis, Surg , Gynec & Obst 57 627-636, 1933 , The Relation of Chronic 
^‘lastitis to Certain Hormones of the Oaary and Pituitary and to Coincident 
Gynecological Lesions, ibid 62 129-148 and 562-584, 1936 (f/) Velpeau, A. A 

L M A Treatise on the Diseases of the Breast and Mammary Region translated 
h> M Henry, London, Sydenham Societ 3 , 1856 (/i) Whitehouse, B Mastopathia 

and Chronic Mastitis, Surg, Gjnee Obst 58 278-285, 1934 (i) Witthauer, K 

Ueber Neuralgia mammae, Beitr z Geburtsh u G\ nak 1902, pp 42-50 
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In 6 of 11 cases of milklike secretion (group 2a) a delay in menstru 
ation was noted, which is also corroborative of previous reports This 
delay in menstruation may be accepted as a characteristic of many 
patients with anomalous secretion from the breasts 

It IS noteworthy that only 4 of the patients of this series had passed 
the menopause Of these, 3 suffered from bleeding nipple and 1 
exhibited an isolated lump m an otherwise normal breast The papil 
lomas of the ducts and the circumscribed complex adenomatous proli 
f erations are to be regai ded as nearly independent neoplasms, while the 
more diffuse processes, occurring before the menopause, are to a greater 
extent dependent on ovarian function 

Finally, reference should be made to organic abnormalities of the 
pelvic organs, particularly'’ multiple follicle cysts of the ovaries, reported 
in a pievious paper (Taylor-®') While the signihcance of these m 
relation to the oiigin of chronic mastitis is not obvious, the ovarian find 
mgs assume more importance m the light of those to be described for 
mice susceptible to mammary carcinoma 


III SPONTANEOUS LESIONS RESEMBLING CHRONIC 
MASTITIS IN TWO STRAINS OF INBRED MICE 

In the previous section of this paper, the histologic structure ot 
human chronic mastitis was analyzed and certain characteristics selectee 
as probably representing basic processes Two types of this disease 
adenofibrosis and hyperplasia of the ducts, were described, and reasons 
were given for believing that they are separate entities Hence or i 
these terms will be used in describing precise histologic lesions, the term 
chronic mastitis being reserved for both groups, especially when re errec 
to in a clinical sense 


For the experimental study of chronic cystic mastitis the mouse 


ha' 

XUl Lilt lllltllLcll OLUAl^ till unit i**v*»^w 

certain great advantages Spontaneous abnormal proliferation ^o^^^ 
mammary epithelium occurs frequently, and the degree to ^ 
develops varies ivith some hereditary factor In these respects 
ditions are more like those in the human being than are those 
occur m any other animal One of the first steps must be a consi ^ 
tion of the histologic character of the spontaneously occurring 
this animal, particularly its similarity to that of spontaneous mam 
lesions developing in women 

The relative incidence of mammary carcinoma m mice m 
studied m great detail, at first in reference to some ]ife 

present in certain inbred strains of mice but also with regar ,j.gt]on 
histones of reproductive function and to the effects of a 
of endocrine principles Histologic investigation of the j.gb!e 

lesions of the mouse’s breast to suppty material in any ■"3-3 gjjcegse 
with that collected from the many pathologic studies of human 
is largely lacking 
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Such a study of the benign proliferation of the mouse mammary 
gland IS an essential step in establishing the value of work done on mouse 
mammary cancer for explaining carcinogenesis m the human breast It 
is also necessary for the piesent investigation to establish the normal 
before proceeding to the effects of injection of various endocrine 
substances 

METHODS 

Two strains of mice were selected, differing greatly in their susceptibility to 
spontaneous mammary carcinoma The strain with the low incidence of tumor 
was the C57 strain of black mice, that with the high incidence, the Little dilute 
brown strain (dba) Considerable literature exists on the incidence of cancer in 
these strains (Murray,^^ Little, Bagg and Jackson 2 ®) 

Neither the animals used for controls nor those to be described latei, which 
received injections of endocrine substances, were ever mated Vaginal smears were 
made daily, and the animals were killed as far as possible during estrus in order 
to a\oid the complication of considering histologic changes based on the cycle alone 

Histologic examination w'as restricted to the five glands from the left side of 
the animal Ten to twenty sections were obtained from each and stained with a 
routine hematoxylin-eosin technic 

The mammary glands of the right side were mounted grossly according to the 
technic described by Turner and Gardner By this method the layer of sub- 
cutaneous fat and fascia containing the ramifications of the mammary gland are 
stripped from the muscles below and the skin above, stained with hematoxylin 
and mounted in balsam on a slide beneath a cover glass 

These gross mounts appear to us almost essential The mouse mammary gland 
IS spread out over a wide area but lies almost in a single plane Microscopic 
sections cutting across this plane show only a few ducts and acini and give a 
verj poor conception of the gland as a whole Differentiation between ducts and 
dilated acini seems almost impossible without the aid of these special preparations 

NORMAL MAMMARY GLAND OF A MOUSE OF THE “lOW 
TUMOR strain” 

The mammary glands of 15 animals of the C57 strain varying m age 
from 3 to 14J4 months were examined (table 4) 

The gross preparations (figs 10, 11 and 12) showed the mammary 
tissue to be made up of a relatively simple duct system with from three 

24 Murraj, W S The Breeding Behaviour of the Dilute Browm Stock of 
Mice (Little dba). Am J Cancer 20 573-593, 1934 

25 Little, C C The Constitutional Factor in the Incidence of Mamniarj 
Tumors, ^m J Cancer 27 551-555, 1936 

26 Bagg, H J , and Jackson, J The Value of a “Functional Test” in Select- 
uig Material for a Genetic Study of Mammary Tumors in Mice and Rats, Am J 
Cancer 30 539-548 1937 

27 Turner, C W , and Gardner, W U The Relation of the Anterior Pitui- 
tarv Hormones to the Dev elopinent and Secretion of the Mammarv Gland, Research 
Bulletin 158, Universitj of Missouri College of Agriculture, Agricultural Experi- 
ment Station, 1931 
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to foui senes of branches The ducts were all relatively slender, straight 
or cuived The ends weie rounded, with sometimes two to three short 
terminal blanches These weie often slightly club shaped and repre 
sented eveiything that might be considered an acinus Side branches 
along the course of the ducts weie, as a rule, absent 

Microscopic sections (fig 13) showed the lelative infrequency of 
these ducts Often five oi six cioss sections of tubules were all that 
could be found in a given piepaiation The laigei ducts were lined b} 


Table 4 — Age of Ainmals foi Studies of Noinial Breast 



“Low Cancer Strain” (C57) 

“High Cancer Strain” 

(dba) 

- -I 

Mouse Ao 

m Dajs 

Mouse 1^0 

Age In Days 

GA 

SG 

12 

% 

7A 

8G 

13 


51 

103 

03 A. 

lOu 

73 

135 

42 

107 

SO 

IGS 

36 

1&3 

3S 

IGS 

31 

16S 

7o 

ICS 

01 

ITS 

70 

16S 

03 

1<S 

23B 

176 

43 


oOA 

170 

03 

2Sp 

20 

236 

04 


30B 

230 

71 


71 

3JC 

34 


4G 

346 

70 


19 

43S 

09 

'Vjj 



50B 




49B 

SeO 



48 

414 



33 

414 



S3 

417 



44 

417 



4GB 

42 



G3B 

4.2 



COB 

4.2 



64 




one or two layers of small, dark cells with little secretion in the ce 
or in the lumens The smaller ducts or acini v ere insignifican , 
lapsed bodies of tightl}' packed nuclei with little evidence of c^ 
The connective tissue was delicate and scant about both the arg 


the smaller ducts 


of the 


There was little difference in the complexity of the duct 
older and that of the younger animals (figs 10 to 13) In j-up-ir 
or less pronounced dilatation of the ducts occurred, and m 
clubbed ends u ere present These were the only cysts, in con 
tion to dilatation of the ducts, that were encountered m t le cn 
of both treated and untreated animals 
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Fig 10 — Simple duct sjstem in the mammary gland of mouse of the “low tumor 
strain at the age of 86 daas Gross preparation 
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r ,](. ‘low 

Fig 13 — Large ducts with undei eloped acini in a mouse oi 
strain” at the age of 346 da\s Microscopic preparation 
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NORMAL MAMMARY GLAND OF A MOUSE OF THE "HIGH 
TUMOR strain” 

Twenty-five female mice of the dilute brown strain varying in age 
from 3 to nearly 17 months were studied (table 4) The structure of the 
mammary glands of these animals was strikingly difiterent from that of 
the other strain and seemed to afford a possible basis for the special 
tendency to development of caicinoma in this race of animals 

The difference between the strains was already apparent at the age of 
3 months At this age the mam ducts were similai to those m the C57 
strain, although possibly moie slendei The terminal blanches, however, 
occurring both at the ends and at the sides of the ducts, weie definitely 
more numerous (fig 14) 

By the age of 6 months the difference between the strains v as com- 
pletely established The ducts themselves were still slender and showed 
no evidence of further extension, and microscopic examination confirmed 
the absence of any piohfeiation of the epithelial lining cells The peri- 
ductal connective tissue showed neithei fibiosis nor hmphocytic 
infiltiation 

The gieat change was m the development of innumerable neu alveoli 
They were found most chaiacteristically m small groups along the sides 
and ends of the ducts The degiee of prohfeiation nas, howeiei, by no 
means uniform, and focal areas of large clusteis occurred The acini 
were now definitely club shaped, even globular, although m places the 
lack of a definite basement membrane gave in the gross preparation 
(fig IS) a feathery outline to the duct with its covering of acini 

On microscopic examination of the mice at the age of 6 months acini 
were observed in clusters of three to four or moie, often surrounding a 
dilated duct These acim v ere small and distinct, often with a little pink- 
staining material m then lumens The epithelium was still unexpectedly 
slight 111 amount considering what had been expected aftei examination 
of the gross piepaiations 

After the age of 12 months the ducts became almost uniecognizable 
m the gross mounts, being concealed by masses of nen acini In some 
animals the ducts vere uniformly involved, the edges ha\ing a shaggi 
appearance (fig 16) In a few the proliferation was still somewhat 
focal (fig 17) and lelativety normal segments of ducts remained with 
elsewheie solid clusteis of alveoli producing opaque specks m the gross 
preparations — e\ idence that the gland tissue was no longei i esti icted to a 
single plane 

IMicroscopically examined, the ducts of the older mice nere often 
slightly dilated and contained secretion The acini were scattered in 
groups of fi\e or ten or m aggregations of fift} or more These clusters 
consisted of many veil formed acini Both the lumens and the cells 
tliemsehcs contained a little secretion (fig 18) Betveen these glands 
there vere sometimes masses of epithelial cells (fig 19) Some nev 
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^■S 15 — Indefinite margin of proliferating acinar masses in a mouse of the 
l"gh tumor strain” aged 210 dais Gross preparation, higher power 
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17 — Focal proliferation of acini in the mamnnr% ghnd of a mouse oi the 
high tumor strain” aged 366 daj s Groas preparation 
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Tig 19 — Diffuse acinar proliferation m the mammarj gland oi a mouse oi the 
l''gh tumor strain” at the age of 428 dajs Microscopic preparation 
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connective tissue was doubtless formed to support the new acmi, but 
there was nothing suggestive of pathologic fibrosis 

This process of acinar proliferation was by no means consistent 
throughout the strain A few animals at the age of 6 months showed 
moie acinar development than did others twice as old Such a difference 
may explain why certain animals of this strain have carcinoma and others 
do not The cause of the difference in rate of development is perhaps 
to be found in the activity of the ovaries, which, as will be shown in a 
later section, varied in the different animals of the strain as regards both 
weight and number of corpora lutea A correlation between marked 
epithelial growth m the mammary glands with heavy ovaries and man} 
corpora lutea was suggested, but this was not pioved by this series 
Carcinoma developed m 1 mouse of the 23 of this group, onl} 6 ot 
which lived over twelve months This tumor had a glandular arrange 
ment and apparently developed on the basis of the abnormal acinar 
proliferation 


COMMENT 

The difference m the mammary structure of these two strains of mice 
as early as the end of the third month of life is too striking to leave an) 
doubt as to the accuracy of the observation The facts noted apply o 
com se, only to the two strains studied, and it is by no means certain t la 
a similar contrast exists between all strains with high and all wit i on 
incidence of tumor 

Gardner and Strong studied the development of the mammar} 
glands of ten strains of varying susceptibility and noted little or n^^ 
diffeience They concluded that no structural factor is associate n' 
the intrinsic hereditary predisposition to mammary carcinoma m 
The}" terminated their studies at about the one hundredth day, , 

approximately the time at which our studies were begun 
however, using the same strains as those employed in the present i' 
noted that during pregnancy certain glands of the “high tumor 
persisted in proliferation at a time when all of the glands o ^ 
strain had changed to functional activity and that after pregnane} r » 
Sion m the dba strain was incomplete Qt 

It appears, then, that the mammary glands in the feina e m^^^ 
these strains are similar at birth but that differences i- 

the end of the third month The hereditary factor to ^/rh^mAc 
probably, therefore, not in the gland itself but in stimu i 
themselves evident in morphologic change m the mammary g 
the life of the animal 

28 Gardner, W U , and Strong, L C The Normal ' 

Mammary Glands of Virgin Female Mice of Ten Strains Varying m 

to Spontaneous Neoplasms, Am J Cancer 25 282-290, 193d ^ 

29 Fekete, E A Comparative Morphological Studj of the 
High and Low Tumor Strain of Mice, Am J Path 14 dd/ i 


in a 
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It should be emphasized also that the early changes which lead 
eventually to the development of spontaneous carcinoma in mice affect 
essentially the peripheral portions of the mammary gland There are 
practically no changes in the larger ducts, no papillomas, no stasis of 
secretions and no signs of inflammation, no cyst formation and no 
fibrosis The pathologic lesions of the human breast which the picture 
most closely resembles are the rare isolated areas of acinar proliferation 
or adenosis 

CONCLUSIONS 

1 Striking differences are noted as early as the third month of life 
between the structure of the mammary glands of two strains of mice dif- 
fering as regards their susceptibility to mammary carcinoma 

2 The essential difference is a vast increase m the number of acini 
in the cancer-susceptible strain 

3 The human pathologic lesion which this picture resembles most 
closely IS the rather infrequently encountered acinar proliferation, occur- 
ring m small foci and sometimes termed adenosis 

4 The more commonly described characteristics of so-called chronic 
cystic mastitis, the development of new fibrous tissue, the periductal 
inflammation and the intraductal epithelial proliferation, are not observed 
to occur spontaneously in mice 

5 The use of gross mounts of the mammary glands of mice of 
strains with a variable susceptibility to mammary carcinoma promises 
to be a valuable method for studying the possible stimulating or inhibiting 
effect of various chemical and biologic substances on the development of 
cancer 

IV ENDOCRINE CONSTITUTION OF TWO STRAINS 
OF MICE WITH TENDENCY TO SPON- 
TANEOUS MAMMARY CARCINOMA 

In the previous section it was pointed out that although the mammary 
structure of a cancer-resistant and a cancer-susceptible strain of mice is 
probably identical in the young females, a greater complexit}"^ of acinar 
structuie appears in the susceptible strain as early as the third month 
This leads at once to the hypothesis that the ovary of the susceptible 
strain produces more estrogenic hormone and that this is the specific 
factor in the production of the tumor Such a view is untenable, how- 
ever, when It IS remembered that when the same quantity of estrogen is 
administered from external sources to male mice, cancer will appear in 
the mammary glands of certain strains and not m those of others (Lacas- 
sagne °°) It appears probable, then, that the specific hereditar} factor 

•^O Lacassagne, A Influence d’un facteur familial dans la production, par la 
folliculine, de cancers mammaires chez la souris male, Compt rend Soc. de biol 
114 427-429, 1933 
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resides neithei in a primary anatomic peculiaiit)^ of the mammaiy gland 
noi in simple hyperfunction of the ovary 

Considerable speculation has been devoted to the nature of this 
transmissible hereditary factor Lacassagne has suggested a difference 
in sensitivity of the mammary glands to identical quantities of estrogen 
Cramer discussed the possibility'- of a greater susceptibility of the whole 
endocrine system, possibly due to a breakdo-wn of some protective 
mechanism, and cited as evidence the “brown degeneration of the 
adrenals” observed by himself and Horning®- 

To afford a general parallel with the endocrine studies reported on 
the cases of chronic cystic mastitis, ceitam material was collected on the 
endocrine status of the two strains of mice being studied Some of the 
results give merely a basis for comment on previously reported work of 
others Certain obseivations, notably those on the ovaries themselves, 
are essentially new 

ESTRUS CYCLES 

It was natural to hope that some disturbance m the estrus cycles 
might be found as an indication of a distuibed ovarian function in the 
strain of mice which had spontaneous mammary carcinoma Peculiarities 
of the estrus cycle in strains susceptible to cancer were reported in 1934 
by Lacassagne ®® Subsequent investigations have, however, failed to 
corroborate his observations (Bonser,®^ Moskop, Burns, Suntzeff an 
Loeb, ®® Harde®®) In older animals at the time of onset of ^ 

cycles are said to become infrequent, with long periods of diestrus ( 
Diddle, Strong, Bur fold and Gardnei ®^) 

31 Cramer, W On Aetiology of Cancer of Mamma m Mouse and m 
Am J Cancer 30 318-331, 1937 

32 Cramer, W , and Horning, E S Adrenal Changes Associated ^vit_ 
Oestrin Administration and Mammary Cancer, J Path & Bact 44 63 -i ^ 

33 Lacassagne, A Sur la pathogenie de radeno-carcmome mammaire 
souris, Compt rend Soc de biol 115 937-939, 1934 

34 Bonser, G Comparison of Normal Oestrous Cycle and of 
Administration of Oestrin in Two Strains of Mice Differing Greatly m 
of Spontaneous Mammary Cancer, J Path & Bact 41 33-42, 1935 

35 Moskop, M , Burns, E L , Suntzeff, V, and Loeb, L Proc 

Mammary Cancer and Nature of Sexual Cycle in Various Strains o i ’ 

Soc Exper Biol & Med 33 197-199, 1935 Burns, E L , Moskop, and 

V , and Loeb, L On the Relation Between Incidence of Maninia^ 55 . 6 S, 194^ 
Nature of Sexual Cycle m Various Strains of Mice, Am J Cancer duction 

36 Harde, E Influence des hormones et des vitamines 

des adeno-carcinomes chez la souris, Compt rend Soc de biol 1 Gararcr 

37 Allen, E , Diddle, A W , Strong, L C , Burford, T H, an 

W U Estrous Cjcle of Mice During Growth of Spontaneous 1 j Qircc' 

and Effects of Ovarian Follicular and Anterior Pituitarj Hormones, 

25 291-300, 1935 
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In the present iiia estigation two characteristics of the cycle were 
considered first, the length of the C3cle, and second, the part of the 
cycle occupied b} estrus itself The latter figure was obtained by cal- 


Table S — Estrus Cycles tn Tzvo Stratus of Mtcc of Vat table Susceptibihty to 

Matnmary Carctnotua 


Age, 

Months 

3 

4, 5 6 

7,8 9 

10 11 12 

13, 14, 15 
Over 15 

Jiumber of 
Inimals in 
Senes 

A\ erage 
Length of Cycle 
in Days 

Percentage of 

Estrus and Post 
estrus Spreads 

Total 

Readings 

C57 

6 

4 

7 

3 

3 

1 

dba 

15 

13 

19 

16 

10 

0 

C57 

61 

50 

51 

5 7 

52 
90 

dba 

71 

70 

72 

78 

90 

74 

Cj7 

40 3 

26 8 

36 4 

42 6 

46 0 

IS 7 

dba 

30 6 
20 4 
32 1 
26 7 
IS 5 
18 9 


C57 

144 

205 

253 

204 

87 

16 

dbn 

373 

808 

1,018 

9S6 

546 

90 

Table 6 

— Compartsou of Ovat tes and Adrenals 

■ in Mice of Cancel -Susceptible and 





Cancer-Resistant Stratus at Sir Months 
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Aumber of 






R umber of 





Corpora Lutea 





Corpora Lutea 




Weight Weight 

per Largest 



Weight Weight 

per Largest 




of Ad 

of 

Cross Section 



of Ad 

Of 

Cross Section 


renals 





renals. 
















^0 


Gm 

Mr 

Mg 

A 

B 

Ao 

Gm 

Mg 

Mg 


A 

B 

06B 


22 5 

52 

Ti 

2 


31 

25 3 

4 4 

14 2 


1 

0 

07B 


22 2 

4 6 

SO 

3 

2 

36 

24 1 

54 

19 8 


3 

3 

00 


221 

10 2 

15 6 

3 

2 

46 

282 

32 

22 6 


” 

4 

10 


217 

92 

63 

5 

3 

47 

30 0 

46 

18 2 


12 

11 

13B 


230 

54 

70 

3 



49 

290 

66 

254 


IS 

10 

15B 


23 5 

50 

94 

5 

1 

50 

25 6 

66 

15 0 


1 

1 

18 


216 

40 

60 





56 

27 5 

54 

228 


6 

G 

21A 


195 

94 

70 

2 

1 

57 

26 7 

48 

14 4 


10 

3 

21B 


22 5 

4 2 

68 

2 

1 

58 

285 

4 8 

230 


12 

10 

22 


24 5 

10 0 

13 6 

3 

0 

59 

269 

50 

13 6 


3 

2 

23 


251 

56 

SS 

3 

3 

60 

291 

62 

23 4 


4 

3 

27 


24 0 

46 

84 

0 

0 

78 

24 1 

80 

25 2 


3 

•> 

20 


220 

38 

64 

0 

0 

79 

26 5 

10 6 

282 


7 

4 

81 


224 

50 

62 

2 

2 

86 

25 5 

10 8 

24 8 


4 

2 

33 


237 

5 6 

88 

2 

1 

87 

285 

68 

32 2 


15 

7 

36 


230 

14 4 

11 8 

2 

1 

88 

231 

92 

21 4 


11 

4 

37 


24 5 

46 

10 s 

— 



89 

251 

15 2 

24 2 


'' 

o 

38 


22 2 

4 6 

62 

1 

0 

91 

255 

46 

31 8 


8 

7 

43 



68 

62 

0 

0 

93 

202 

8 2 

13 8 


12 

8 

43 


230 

10 2 

11 2 

3 

2 

94 

27 3 

152 

33 8 


22 

19 

40 


21 1 

66 

10 4 

3 

2 

99 

21 2 

86 

16 2 




— 

<6 


281 

4 4 

136 

3 

3 

130 

S’O 

82 

27 2 


13 

8 



23 8 

88 

11 8 

3 

2 

140 

20 8 

13 2 

24 2 


13 

5 



22 5 

88 

68 

1 



143 

185 

40 

30 0 


11 

4 

105 



13 6 

78 

1 

0 

150 

22 9 


23 2 


6 

o 

112 



10 6 

_ 

4 

9 








113 


19 8 

74 

10 2 

4 

1 








Averages 

: 228 

69 

90 

24 

13 


25 3 

75 

231 


85 

54 


culating the percentage of the daily vaginal spreads that showed only 
cornified cells or cornified cells with a few leukoc3i:es Table 5 shows 
that during the earlier months the duration of the C3'cle was about the 
same for the two strains Later the C3'cles of the dba strain became 
longer The length of estrus itself as determined b3’^ the percentage of 
completel3' cornified smears was somewhat greater for the C 57 strain, 
indicating that the longer cicles of the dilute brovn strain were due to 
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moi e days of diestrus It is uncertain what significance can be placed on 
these observations, but the differences noted are perhaps to be cor- 
related with the greater development of corpora lutea seen m the dba 
strain 

OVARIES 

Early m the investigation we were impressed with the obviously 
greater size of the ovaries and the increased number of corpora lutea in 


Table 7 — Comparison of Ovanes of Mice of Cancer-Susceptible and Cancer- 
Resistant Strams at Various Ages 


Co7 Strain 


dba Strain 




Weight o£ 


\ 


Weight of 

Corpora 


Mouse 

Ovanes, 

Corpora Corpora 

Mouse 

Ovaries, 


>>o 

Mg 

Lutea A 

Lutea B 

No 

Mg 

Lutea A 

6 u O’ ct 0 

6A 

74 

0 

0 

12 

120 

6 


7A 

76 

2 

2 

13 

20 0 

9 


5 

68 





42 

— 

2 


11 

188 

2 



62 

14 8 

12 


12 

82 

4 

1 

6SA 


2 


13A 

98 

3 

2 

630 

13 6 

““ 


U 

12 0 

4 

2 

64B 

16 3 

1 


15B 

10 6 

3 

1 

65 

73 

U 


62 

86 

2 

1 

66 

12 8 

s 


03 

74 

3 


67 

13 4 

s 


54 

94 

5 

1 

TIB 

13 6 

12 


55 

88 

4 

2 





50 

74 







51 

— 

0 

0 





7S 

— 

3 

2 




Vrerages 


94 

27 

IS 


18 8 

71 

7 12 months 

23 

.. ■ 

0 

0 

01 


3 


29 

62 

0 

0 

03 

— 

15 


50A 



3 

3 

04 


16 


SOB 

40 

0 

0 

43 

19 2 

10 






53 

15 9 

12 






64 

13 6 

0 






71A 

34 6 

5 

Averages 


51 

0 75 

0 75 


20 8 

87 

Over 12 months 

19 

46 

1 

0 

S3 

233 

14 


45 

55 

2 

1 

35 

22 2 

15 


74 

67 

5 

1 

46 

17 7 

11 






49 

18 8 

12 






60 

254 

7 






63B 

26 0 

18 






69 

228 

15 






70 

29 0 

8 

Averages 


56 

27 

0 67 


232 

12 5 


1 

9 

1 

1 

4 
7 

5 
11 


51 

3 
« 
U 

s 

9 

0 

i 

74 

11 

n 

19 

s 

4 
17 
15 

5 

10 1 


the dilute brown strain For that reason a number of additional 
vere killed at the ages of 3 and 6 months to bring the number o 
of ovaries examined to 44 for the C57 strain and to 54 for the d' 
brov n 

The average weight of a pair of ovaries from the dilute brown ® 
at 6 months of age was 23 1 mg , and from the C57 strain, 9 mg 

6) Only two pairs of ovaries of the cancer-susceptible strain 
less than the heaviest ovaries of the cancer-resistant strain The " 
of ovaries obtained from smaller groups of animals at other ages 
cated that the difference was constant (table 7) 
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Although serial sectioning was not resorted to, ten to twenty sections 
of each ovarj^ were available The number of corpora lutea in the largest 
available section of each ovary was tabulated It must be remembered 
that the corpora lutea observable in the mouse ovary at one time represent 
not a single cycle but at least four, since it requires the duration ef several 
cycles for those formed at one ovulation to disappear (Allen Dif- 
ferentiation on histologic grounds between a regressing corpus luteum 
and a corpus albicans may be somewhat arbitrary Nevertheless, the 
difference in the average number of corpora lutea in the two strains was 
too striking to admit the possibility of error 

At the age of 6 months (table 6) the average number of corpora lutea 
observable in the largest cross section of the larger ovary of the dba 
strain was 8 5 , for the smaller ovary in that strain, 5 4 The comparable 
figures for the C57 strain were 2 4 and 1 3 respectively The ovaries 
obtained from the two strains at other ages continued to show this dif- 
ference (table 7) 

Casual examination of the microscopic sections also indicated a 
remarkable dissimilarit}’’ The ovaries of the dilute brown strain were 
often so filled with coalescing corpora lutea as almost completely to 
obscure the stroma (fig 20) The ovaries of the C57 animals were 
usually obviously smaller and contained only one to four fairly large, 
discrete corpora lutea lying between large areas of stroma (fig 21) 
Other characteristics, such as the number of follicles of various size and 
the amount of follicular atresia, offered no immediate points of contrast 

The increased number of corpora lutea in the cancer-susceptible strain 
may, of course, be interpreted as indicating greater stimulation of 
the mammary gland either by progestin or by estrogen If this differ- 
ence were found consistently between all or most of the “high tumor 
incidence” strains on the one hand and of the “low tumor incidence” 
strains on the other, it would be a step toward explaining the greater 
epithelial activity in the mammary glands of the mice in which the inci- 
dence of tumor IS high 

UTERUS 

Microscopic sections made of the uteri showed little structural dif- 
ference between the two strains Weights were not determined, but 
those of the dilute brown strain appeared at autopsy to be, as a rule, the 
larger 

ADRENALS 

Changes in the adrenal glands associated with the reproductive cycle 
are to be sought in a zone lying at the inner margin of the cortex and 
immediately about the medulla This region, made up of small, dark 

38 Allen, E The Oestrous Cycle in the Mouse, Am J Anat 30 297-371, 
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basophilic cells, is prominent in the young mouse and has been teimed 
the x-zone According to Howard-Miller’s ““ studies, it appears in both 
sexes about the tenth day aftei birth In the male the x-zone tends to 
disappear after the fouith week, in the female it persists somewhat 
longer Progressive degenei ation, however, giadually develops, so that 
at the age of 201 days there is absence of the x-zone m 60 per cent of 
unmated female mice and paitial degeneration in the remainder Castra- 
tion in the male delays degeneration, pregnancy in the female piecipi- 
tates it Degeneration begins with vacuolization of the cells and 



Fig 21 — Typical o^a^y of the cancer-resistant strain at the age of 6 months 


progresses to their complete disappearance, so that only a thin rim of 
connective tissue separates the cortex from the medulla Deanesly 
made somewhat similar observations She found the x-zone at times 
intact in the unmated female at the age of 12 weeks and reported in a 
few cases the later development of a new cortical zone at the site of the 
x-zone, which she felt might be the homologue of the zona reticularis of 

39 Howard-Miller, E Transitory Zone in Adrenal Cortex Which Shows 
Age and Sex Relationships, Am J Anat 40 251-293, 1927 

40 Deanesly, R Study of Adrenal Cortex in Mouse and Its Relation to 
Gonads, Proc Roy Soc , London, sB 103 523-546, 1928 
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other adult animals Degeneration of the x-zone, according to her 
observations, occurs either by vacuolization or by an inconspicuous 
process of cellular degeneration 

A possible significance of the x-zone in the etiology of mammary 
caicinoma in mice has been pointed out by Cramer and Horning 
These workers observed that when an estrogenic substance was adminj 
istered to noimal mice of mixed strains there occurred in the periphery 
part of the medulla and to a less extent in the cortex a necrosis and 
impregnation of masses of cells with lipoid material which on accoun 
of its appearance in unstained preparations they termed brown egen 
eiation ” Occurring much later and having decidedly different morp o 
logic characteristics, it is not to be regarded, however, as the same 
process as the apparently physiologic disappearance of the x-zone 
process of “brown degeneration” observed by Cramer and Homing 
occurred spontaneously only m a strain of mice (DZ) with a ig 

Table 8 — Compauson of X-Zones of Adrenals of Cancer-Resistant and Co. 

Susceptible Strains _ 




Cancer Resistant 



Cancer Susceptible 

J 

— — — 

Complete 

Degenera 

tion 

Age, 

Months 

Normal 
X Zone 

Beginning 

Degenera 

tion 

Advanced 

Degonera 

tlon 

Complete 

Degenera 

tion 

Normal 
X Zone 

Beginning Advanced 
Degenera Dcgcneta 
tion tion 

1 

2 

3 

C 

712 

1316 

8 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

37 

0 

0 

0 

0 

5 

12 

2 

1 

5 

2 

6 

0 

0 

0 

0 S 

0 0 

0 1 

24 2 

0 i 

0 2 

0 

0 

6 

0 

0 

6 


incidence of spontaneous mammary carcinoma The authors 
sized the importance of this lesion as perhaps one of the speci c 
characterizing the exceptional susceptibility of the strain to m 
cancer 

From animals to which no injections were given we have ex 
SO pairs of adrenals of the C57 strain and 52 pairs of the 
strain The organs were weighed but sectioned with a para n e 
■which allows only an imperfect study of hpoid-containing ce 
the majority of the adrenals studied were from mice only l^j-own 
age, so that the question of the spontaneous development o 
degeneration could not be thoroughly investigated In the 
of the “high cancer strain” which were killed after the age o 


it vas, howe\er, not prominent 


ed 


There was considerable evidence (table 8) that some broi''f’ 

in the disappearance of the x-zone in the animals of the 
strain as compared to those of the C57 At 2 months 
nearly intact in both strains At 3 months considerable 
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had occurred in the C57 animals, but degeneration was only beginning 
in the dilute brown stiam (figs 22 and 23) At 6 months, of 30 
animals of the C57 stiam, 1 showed early degeneration, 17 advanced 



Fig 22 — Tjpical adrenal of the canccr-susccptible strain at the age of 3 months 

degeneration and 12 complete degeneration At the same age, of 26 
animals of the dilute brown strain, 24 showed early degeneration and 
2 advanced degeneration 
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Vacuoles appeared during the course of degeneiation, especially m 
the dilute brown strain The difference m the mannei of degeneration 
apparent in these two strains may explain why vaiious observers in the 
past have disagreed as to the way in which the disappearance of the 
\-zone IS brought about 

In a few' instances in oldei animals, again especially in the dilute 
brow'n strain, clusters of dark cells were once more present in the region 
of the x-zone, often irregularly placed and sometimes connected by 
cords of similar cells to others immediately beneath the capsule Some 
controversy has existed as to the possibility of a late regeneration of 
the x-zone, but the significance of these cells appearing in older animals 
just outside the medulla is made clear to us neither from study of our 
owm material nor from a careful consideration of the literature 

The weight of the two adrenals at 6 months averaged 6 9 mg for 
the C57 strain and 7 5 mg for the dilute biow'ii strain It is doubtful 
w'hether this is a significant difference 

THYROID 

Barry and Kennaway have recently reported a type of thyroid 
morphologic structure which they concluded is somewhat characteristic 
of mice with a high incidence of cancer In examining the thyroid of 
several strains, they noted two types of gland The thyroids of the 
CBA strain (of low cancer incidence) possessed a structure charac- 
terized by vesicles of relatively uniform size distended with eosinophilic 
colloid and lined by a uniform layer of low cuboidal or flattened cells 
w'lth darkly staining nuclei A second type was noted m Simpson’s 
strain of albinos after treatment with estrone (theelm) and m untreated 
animals of Little’s dilute brown strain This type was characterized 
by great diminution and vacuolization of the colloid, expansion of the 
epithelial cells and loss of the Uniterm appearance of the gland, so 
that the peripheral vesicles often contained the most colloid, the central 
ones being small and collapsed 

In studying the thyroids in this series, both of the normal contiols 
and of the experimental animals to be described in a latei section, the 
entire gland was removed intact and sectioned histologically with the 
larynx in the center A total of 35 glands from the C57 and 41 from 
the dilute browm strain were thus studied histologically for the normal 
morphologic thjTOid structure of the animal to which no injections had 
been given 

41 Barry, G , and Kennaway, E L Structure of the Th 3 roid in Mice of 
Different Strains, Am J Cancer 29 522-S29, 1937 
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The results showed that the glands of the two strains could not 
with any consistency be separated from each other when treated as 
“unknowns ” All of the untreated animals of the C57 strain showed 
the first type of gland described by Barry and Kennaway/^ with moder- 
ately large vesicles of faiily uniform size (fig 24) The majority of 
the animals of the dilute brown strain also showed this type of gland, 
about 25 per cent exhibiting the small collapsed central vesicles of 
Barry and Kenna way’s second type (fig 25) 

PITUITARY 

Changes in the anterior lobe of the pituitary gland after administra 
lion of an estrogen have been reported by many writers and will be 
discussed later Differences in the moiphologic appeal ance of the glands 
of the untreated animals of low and high susceptibility to cancer might 
be expected on account of the dissimilarity of the ovaries 

The pituitaries of all of the untreated animals of both strains were 
studied by serial section With a simple hematoxylin-eosin staining 
technic no consistent differences between the strains could, however, 
be noted 

CONCLUSIONS 

1 A difference m the endocrine glands of two strains of mice having 
such extremely divergent mammary structures as those described m the 
pievious section is a prion probable 

2 The strain with excessive mammary proliferation (dba) has been 
shown by this study to have a much larger ovary and one containing 
many more corpora lutea than has the cancer-resistant strain (C57) 

3 Less striking differences were probably present in the adrenal and 
perhaps in the thyroid 

4 Characteristic differences in the anterior lobe of the pitml^O 
may exist but must be sought with a more intricate histologic tech 
than was employed in this work 

5 It must, of course, be remembered that neither of the strain^ 
studied IS necessarily representative of all the cancer-susceptible or 

all the cancer-resistant groups 

6 The differences in the ovaries of the two strains should, I 

f 4 tte 

ever, draw attention once more to morphologic examination o ^ ^ 
ovaries of women with hyperplastic and neoplastic disease of the b 
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Fig 24 — Thyroid of the cancer-resistant strain with distended peripheral alveoli 
at 6 months 
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V LESIONS RESEMBLING CHRONIC MASTITIS PRODUCED BY 

THE INJECTION OF ENDOCRINE SUBSTANCES INTO TWO 
STRAINS OF MICE DIFFERING IN THEIR SUS- 
CEPTIBILITY TO MAMMARY CARCINOMA 

In previous sections it has been established that of the two strains 
of mice used, the black (C57) goes thiough life, if unmated, with a 
relatively simple mammai)' stiucture consisting almost entiiely of ducts, 
while the other, the dilute blown stiain, becomes distinguishable as 
early as the third month by an enoimous piolifeiation of new acini 
In addition, it was noted that the ovaiies of the dilute brown stiain are 
consistently larger and contain moie coipoia lutea 

Theories as to the oiigin of human chronic mastitis assume, as a 
rule, the simple overpioduction of one hormone producing a so-called 
imbalance In the experiments to be leported, the effects of an excess 
of four different endocrine principles on two strains of mice with diffei- 
ent inherent tendencies to mammary proliferation were investigated 
These experiments were directed not towaid the production of mammary 
carcinoma, which has been the object of study of many investigators, 
but toward the development of benign lesions and particulaily toward 
a study of their morphologic similarity to one of the foims of human 
chronic mastitis 

Two principles were followed which distinguish these experiments 
from studies of normal physiology No endocrine organs, such as the 
ovaiy or the hypophysis, were fiist removed, so that the endocrine 
substances injected represented clearly an excess and not a substitution 
Secondly, the injections were not discontinued at the time when a phj^s- 
lologic effect might have been pioduced but were given for periods 
up to five hundred days, representing a considerable part of the animal’s 
normal life span Both of these conditions appear to parallel current 
hypotheses for the production of the human disease 

PREVIOUS WORK ON THE EXPERIMENTAL PRODUCTION 
OF CHRONIC MASTITIS 

Investigations claiming the artificial production of chronic mastitis 
in animals fall into two classes (a.) those undertaken in a definite 
attempt to produce chronic cystic mastitis and (b) those carried out 
simply to study the effect of the injection of various estrogenic com- 
pounds 

a The first investigation of the former group was that of Goor- 
maghtigh and Amerlinck,^^ who injected into 12 mice daily for from 

42 Goormaghtigh, N , and Amerhnck, A Production de formations adenoma- 
teuses mammaires par des injections prolongees de folliculine Compt rend Soc 
ae bio] 103 527-S29, 1930 
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one to nine months 6 lat units of an estrogenic substance, producing 
dilatation of the ducts, inci eased formation and retention of secretion 
and cystic and solid glandular hyperplasia in 75 per cent of their animals 
These changes they concluded to be consistent with the lesions of 
Reclus’ disease Somewhat similar lesults were reported by Burrows,^® 
who applied a solution of estrogen in benzene to the mterscapular region 
of mice at bnveekl}^ intervals and noted proliferation of the mammary 
ducts, formation of small cysts and a stage of hyperplasia comparable 
in his opinion to chionic cystic hyperplasia of the human breast, for 
which he offered the suggestive name of “oestrogenic mastopathy” 
The view of chronic mastitis as due simply to an increase in estrogen 
has been modified by experiments with other endocrine factors 
Cramarossa reported having produced mammary hyperplasia with 
corpus luteum, and Wieser claimed to have produced it with corpus 
luteum in combination with other factors The work of Herold and 
Eftkemann contradicts these results They reported first the develop- 
ment of cysts following the injection into rats of 50 to 250 inter- 
national units of estrogenic substance daily for short periods and the 
later appearance of epithelial proliferation, “pale epithelium” and 
fibrosis of the stroma These changes, however, were prevented by 
administration of the corpus luteum hormone in sufficient quantities 
Workers with rabbits have been more cautious in their conclusions 
Fifer^' stated the opinion that it is the resting stage, that is, the mal^j 
virgin female and postlactatory mammary glands, which exhibits the 
pathologic picture known m the human breast as chronic cystic mastitis, 
with cysts lined by abnormal epithelium, areas of hyperplasia, cellular 
infiltration and proliferation of the stroma According to Fifer, during 
periods of functional activity the gland assumes a more orderly appear 
ance He concluded that there is a tendency to growth on the part of 
the epithelial cells, which need a hormone to control their orderly devel 
opment MacDonald,^® injecting estrogenic substances (theehn an 

43 Burro^\s, H Pathological Changes Induced in the Mamma by Oestro 
genic Compounds, Bnt J Surg 23 191-213, 1935 

44 Cramarossa, V Ormone corpo luteo e iperplasie sperimentali della maiti 
mella (in rapporto all’istogenesi della malattia cistica di Reclus), R<v dal "I' 

16 93-112, 1934 

45 Wieser, C Ueber die hormonale Beeinflussung der Mausebrusfdrfise C’” 
Bcitrag zur Frage dcr Atiolcgie der reclusschen Krankheit, Arch f Gynak 
S4S-564, 1933 

46 Herold, L , and Effkemann, G Bcziehungcn des Folhkelhormons 

pathoph\siologischcn Wachstums% organgen der Brustdruse, Arch f GjTiak 
85-93, 94-101, 309-315 and 673-679, 1936 ^ 

47 Flier, C L The Breast Lesion in Rabbits Resembling Chronic > 

Mastitis, Arch Surg 29 555-559 (Oct) 1934 „ , 

“S lifacDonald I G The Response of the Mammary Gland to ° 
Stimulation vith Oiarian Hormones, Surg, Gynec & Obst 63 138-144, 



TAYLOR-WALTMAA—HiPLRPLASIAS OP MAMMARY GLAND 789 


“progynon-B”) m daily doses of 50 lat units, noted at fiist some patho- 
logic changes in the lining of the ducts, which later, after six months 
of continuous injection, had largely disappcaied Estrone (theelm) 
in combination Avitli coipus luteum extract produced both ductal and 
acinar growth with some secietion and distention of the ducts He 
concluded, howeiei, that on the basis of piesent evidence estrogen and 
progestin do not produce specific pathologic lesions, cystic disease or 
adenosis 


b During the course of the senes of expeiiments to show the effect 
exerted by estrogen on the incidence of mammary carcinoma m 
male mice, some information has incidentally accumulated on the pro- 
liferative changes in the ducts and acini which piecede the development 
of carcinoma Observation indicates the variable response to be 
expected depends partly on the strain of animal and pai tly on the precise 
estrogenic substance used 


The importance of the strain has been considered by several investi- 
gators Gardner and his co-workers observed that estrone (theelm) 
would cause a gradual growth of the mammary rudiments of male mice 
for sixty to seventy-five days but that after the end of this period there 
was httle change and that, furthermore, no differences were observed 
m the rate or extent of development induced in the mammary ducts 
of three strains differing in susceptibility to spontaneous development 
of tumor Bonser,'^® using two strains of variable susceptibility to 
mammary cancer, administered ketohydroxyestrm benzoate (estrone 
Etizoate) by injection of weekly doses of 300 to 500 international units 
by painting with an 0 01 per cent solution m benzene Unexpec- 
^ Yi it was the cancer-resistant strain which showed the earlier and 
more widespread proliferation of acini and cystic distention of the ducts 
Wit secretion In the cancer-susceptible strain there was some growth 
° the ducts but less distention and secretion and only localized pro- 
liferation of acini 


The variable effects of different estrogenic compounds have been 
Reported by several workers Burrows noted that with estrone 
t eehn), eqmlenm and the methyl ether of estrone there were prolifer- 
of the mammary ducts and a moderate development of acini Estra- 


of fjurdner, W U , Diddle, A W , Allen, E , and Strong, L C The Effect 
to T Mammary Rudiments of Male Mice Differing in Susceptibility 

5o"n'^ ^^''^’opment, Anat Rec 60 457-475, 1934 
Gland The Effect of Oestrone Administration on the Mammary 

(q c ^ Male Mice of Two Strains Differing Greatly in Their Susceptibility 
^lOiUaneous Mammary Carcinoma, J Path & Bact 42 169-181, 1936 
Gcstro ^ -A- Comparison of the Changes Induced by Some Pure 

42 G^°mpounds in the Mammae and Testes of Mice, J Path & Bact. 

ml-]68_ 1936 
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ciiol and equilm had little influence on development of the ducts, but a 
poueiful one on the production of acini Estriol (theelol), hovvevei, 
favored the development of both ducts and acini Lacassagne,®- in 
comparing the action on the mammaiy glands of vaiious substances, 
noted the greatest effect from estrone, less fiom equilm and the least 
fiom equilenm What they legarded as a definitely abnoimal type of 
prohfeiation was obseived by Gardner and his co-workers®® m the 
mammary glands of male mice tieated with a benzoated estrogen In 
contrast to simple giowth of the mammaiy duct system, there occurred 
an extensive de\elopment of alveolar tissue, with some hypei plastic 
lobules resembling small adenomas, and areas of ovei growth of con- 
nective tissue 


e e ect of prolonged stimulation by other than estiogenic sub- 
s ances Jhe development of abnormal types of prohfeiation has been 
ess stu le Gardner and Hill have lecently noted proliferation of 
e ucts m male mice when the corpus luteum hormone was gnen 
alone or m combination with estrone (theelin) Howard,®® injecting 
aci extracts of the anterior lobe of the pituitary gland of sheep into 
rats or periods up to one hundred and seventy-nine days produced 
pei 1 iicta rosis with fibroadenomatous areas but neither alveolar iioi 
h] opment The injection of gonadotropic substance from the 

of°^I ° women produced a different reaction, hyperplasia 

le gland with the appearance of secretion, but later regressive 
nges, sma milk cysts and adenomatous areas Since only a small 
er 0 animals were used, some of the supposed effects may have 
been accidental and spontaneous 

compares the list of lesions reported in these experiments 
of ^ose noted m the first section as observable in a typical senes 
^ chronic cystic mastitis, one is impressed with many dis- 
h\n 3 -cticularly are the fundamental processes of fibrosis and 

Ipcmnc ductal epithelium largely lacking from the list of 

rpp, -rn produced It is particularly important, then, to 

admtn ^ lesions produced in the mouse mammary glands b\ 

far tb ^ various endocrine substances and to determine how 
^ j comparable with the lesions tabulated for the human dis- 
ease and pr oduced by some still unknown agent 

i/ Comparative Studj of the Carcinogenic Action of Ccr- 
Hormones. Am T Cr, rxr'ttf OC '7‘5C *7 An 


tain Ocstro^^Z -^ comparative Studj of the Carcinc 

53^ GarliPr I Cancer 28 735-740, 1936 , 

Abnormal Mam n’ ^ L C Stimulation of 

Soc E\Der R by Large Amounts of Oestrogenic Hormone, 

:50c _i.xper Biol &. Med 33 148-lSft lost; 

the Mirnman 

Proc 


Snr ry \ Y DV Carge Ami 

Soc Evper Bio & Med 33 148-lSO, 1935 

Glands of*thT\r ' ^ Effect of Progestin upon the 

55 Howard ^ 718-720, 1936 

SocExper Eiol\ Mcd^gJ Gonadotropic Hormones 
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^MCTirODS 

The treated animals, again of a canccr-susceptible (dba) and a cancel -resistant 
srain (C57), were cared for and the specimens prepared as has aheady been 
described for the normal animals Vaginal smears were made and itcoided daily 
e mammary glands of the left side were sectioned histologicallv, while those of 
the right side were dissected out in their fascial layers stained and mounted The 
O'aiy, uterus, adrenal, thjmoid and pituitarj were examined microscopically 


effect or INJECTIONS or ESTRONE (amNIOTIN) =« 

A total of 29 animals leceived one injection weekly of 800 inter- 
national units of amniotin in oil injected beneath the skin of the back 
ccasional injections weie omitted when the animals became infected 


Table 9 Duration of injecitous and Total Dose of Estrone (Ammotin) 


Cancer Resistant Strain (037) 


MoU'^6 

Injection 


Clumber 

Period 

Total Units 


In Days 

Injected 

63 

15 

33 

S.OSO 

92 

74 

5,040 

tl3A 

90 

6,230 

42 

119 

9,480 

03 B 

119 

9,480 

"h 

112 

12,800 

^3 

123 

14,400 

02 

130 

15,200 

76 

138 

10,000 

24 

142 

10,800 

Oo 

179 

21,000 

04 

229 

20,400 

23 

241 

28,000 

78 

247 

28,000 


323 

37,000 


Cancer Susceptible Strain (dba) 

- - A 


Mouse 

Injection 

Period 

Total Units 

Fiumber 

In Days 

Injected 

76 

39 

3,840 

77 

39 

3 840 

71 

105 

12,000 

01 

151 

17 000 

03 

151 

17,600 

36 

158 

18,400 

05 

233 

20 400 

10 

238 

26,400 

41 

292 

33,600 

39 

292 

34,400 

60 

311 

84,400 

68 

354 

38,400 

15 

372 

4S200 

74 

388 

44,800 


tion°^^ unabsorbed The time during which the mjec- 

hs were given and the total quantities injected are shown in table 9 

•S'/mn (C57 ) — In the cancer-resistant strain an 
of A P^^sistent effect was dilatation of the main and sometimes 
gross ^ branches of the ducts This was evident both m the 

pj. ^ tmcroscopic preparations but was not invariably 

fespo” proliferation of the lining of the ducts occurred The 
3nd acmi of the C57 strain to amniotin was not striking, 

hoive ^^luials it appeared to be absent (fig 26) In most animals, 
the those treated for a shorter period, a definite increase of 

scopi”^^ ranches or acini at the ends of the ducts was evident Micro- 
these acini showed only well formed units with 
hferation^ ( excessive secretion but no suggestion of atypical pro- 




^6 TflG 

hj t)r T t°ttutein and prolactin required for this study were supplied 

A Morrell, of E R Squibb and Sons 
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In some animals, especially m the gross preparations, there was 
evidence of an increase in cellularity of the tissues immediately beneath 
the basement membrane of the ducts (fig 28) This increased cellu- 
laritv was due m part to connective tissue cells and in part to infiltra- 
tion with lymphocytes It is not, of course, clear whether this is a 
direct response to the injected substance or is a reaction to the inflam- 
mation fiom the secretion within the ducts Conditions identical with 
human mammary disease were thus not produced in this strain by this 
substance, the only effect being slight acinar proliferation, a little dila- 
tation ot the ducts and rarely some periductal inflammation 

Cancel -Siisccphble Strain (Dilute Brown) — ^The mammary glands 
of lilt dilute brown strain showed aftei the injection of estrone (theehn) 
-iniii!) an exaggeration of their inherent proliferative tendencies The 
durt^ became dilated, though possibly less so than in the C57 strain 
i here was no evidence of increase in their length, and even after over 
a ■> eai of injections and m the presence of carcinoma elsewhere m the 
gland, hyperplasia of the lining of the duct was as a rule absent (fig 29) 
In 2 animals, each 7 months and 11 days old, after injection of 17,600 
international units some reduplication of the lining of several of the 
larger ducts was a possibility (fig 30) 

Proliferation of the acini commenced at once, however, and after 
SIX vveeks of injections (fig 31) was more or less universal In the 
gross the acini were found to cover the ends and sides of the ducts, 
producing fanlike configurations, or appeared m concentrated clusters 
Usually the acini in the gross had indefinite feathery edges, but occa- 
sionally dilated ones produced sharply circumscribed globular structures 
(fig 32) The latter form was apparently the result of distention w'>th 
secretion 

Under the microscope the acini were seen to occur in clusters of 
increasing size as the duration of injection and the age of the anima 
advanced They were sometimes dilated, with a little secretion m the 
cells and m the lumens of the ducts (fig 33) Often, however, the\ 
were collapsed, with sheets of cells lying between them in which tubuar 
forms could barely be recognized (fig 34) Of the 6 animals allowed 
to live beyond the age of 12 months 3 had mammary carcinoma 

The chief difference between these treated animals of the dilute 
brown strain and the normal animals was, therefore, the earlier an 
more marked acinar dev elopment and perhaps a slight increase m di at ^ 
tion of the ducts and secretion in the tubules The continued free o 
of the larger ducts from any striking proliferation was noteworl 
The inherent tendenc} of new acini to develop ov'ershadowed any spec 
changes produced bj the exogenous estrogen 
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of acini with solid areas of epithelial cells in a mouse 
■ ® h'eh tumor strain” at the age of 10 months, after 26 400 units of estrone had 
guen Microscopic preparation 
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crrECT or injection or estradiol benzoate 
(OESTROFORM b) 

The dose of estradiol benzoate was 1,000 international units weekly, 
given in a single injection to 11 mice of the C57 and 13 of the dba 
stiain (table 10) Estiadiol (dihydroxyestrin) is perhaps five to ten 
times as active biologically as ketohydioxyestrin, and the effectiveness 
of the preparation used was perhaps fuithei increased by the delayed 
absorption of the benzoated form 

This increased potency was indicated by the rapid development of 
pjometra and the death of the first- lot of animals treated with this 
substance No such difficulty had been encountered with the animals 
gnen injections of amniotm The animals of the second series (the 
series here reported) were all theiefoie subjected to hysterectomy before 


Table 10 — Duration of Infections and Total Dose of Estiadiol Bensoatc 


Cancer Resistant Strain (C57) 


Injection 

’\Iou'e Period Total Units 

Nuniler InDajs Injected 


Cancer Susceptible Strain (dba) 


Mouse 

Number 


Injection 
Period 
in Dajs 


Total Units 
Injected 


(M 

01 

09 

03 

70 

S3 

£4 

50 

51 
02 
OS 


42 

6,000 

49 

7,000 

119 

17,000 

119 

17,000 

124 

18,000 

124 

18,000 

269 

32 000 

279 

33,000 
S3 000 

279 

304 

35 000 

304 

43,000 


65 

64 

67 

9S 

02 

71 

8S 

07 

69 

76 

89 

81 

79 


B2 

54 

99 

184 

1S9 

190 

217 

217 

277 

277 

293 

303 

304 


7,000 

7,000 

15.000 

27.000 

27.000 
28 000 

31.000 

31.000 
40 000 

40.000 

43 000 

44 000 
44,000 


the injections i\ere begun After this the treatment was comparatnc' 
\\ell borne, although there were some premature deaths and one or tvo 
abscesses were encountered at autopsy near the ovary, possibly 
remnants of the fallopian tubes 

Cancel -Resistant Sham — There was little to distinguish the 
of estradiol benzoate from that of estrone on the mammarj^ gl^j) ® ° 
the C57 strain The ducts i\ere occasionally although not uni 
dilated figure 35 representing an extreme example The lumens 
the ducts contained a little secretion, but there was usuall} no 
hjpcrplasia of the lining of the ducts even after long periods o inj 
tions Periductal fibrosis nas slight 

The acini \\ere model ately increased in number o^er the 
but this appeared to be no more marked than in the animals treate 
amniotm There was almost as much acinar development 
after 7 000 units had been gnen, as at 13 months, after 43, 

It V especialh interesting to note that the degree of acinar pro 
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Tig 35 — Dilatation of duct in a mouse of the low tu Lppn gnen G^o^s 
O' 6 months, after 18,000 units of estiadiol benzoate la 

preparation 
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ation m this cancer-i esistant strain after injections of estradiol was 
much less than that accompanying the normal acinar development of 
the untreated mice of the cancer-susceptible type 

In only 1 case was there a local area in which clusters of acini 
occuried somewhat suggestive of the dba type (fig 36) Microscopic 
sections from the glands of this mouse showed also dilated ducts, an 
increase m the number of acini and possibly slight hyperplasia of the 
epithelium of the ducts The somewhat unequal response of different 
members of these strains is not surprising, for it should be remem- 
bered that even in a supposedly “cancer-free” line an occasional mam- 
mary carcinoma develops 

Cancer-Susceptible Sham — The ducts of the dilute brown strain 
treated by estradiol benzoate showed certain pathologic changes 
Nearly all were dilated, and in 5 there was some hyperplasia of the 
lining (fig 37) Also there occurred in 1 mouse clusters of small 
dilateo tubules, perhaps to be interpreted as newdy formed ducts 

(% 38) 

The most striking changes in the ducts of the animals which 
received estradiol benzoate for long periods were the signs of a chronic 
state of retained secretion The cells of many of the acini were 
swollen Pink amorphous material was present in many of the ducts, 
and occasionally cells with a yellowish cytoplasm lay free in the lumen 
(fig 39), resembling in many respects the fat-containing cells obsened 


at times in the human disease 

Signs of a reaction to this secretion wuthin the ducts ivas evident 
in the surrounding tissues Increase m fibrous tissue was present m 
several animals and was marked in 1 case (fig 37) Moderate lympho 
cytic infiltration was not uncommon Finally, about the ducts o 
animal w^ere masses of pale hexagonal cells with large distinct nuc ei, 


apparently endothelial leukocytes (fig 40) 

The acini had proliferated greatly in all of these animals, possi J 
more so than m those treated with estrone Grossly these multip j i^^^ 
acini sometimes took the form of great feathery masses covering ^ 
entire stem of the duct (fig 41), while at other times the developmen^ 
was more focal Careful examination of the margins of the 
masses under the low' power microscope showed that sometimes 
was a relative!} sharp basement membrane, whereas in other places 


edge was quite diffuse (fig 42) 

Some rnnation m the degree of response w as evident bot c 
different animals and in different parts of the same gland ^ 
mice treated for nearly a year, considerable segments of nc 
nearh free of acini, in contrast to the almost uniform 
sometimes present after only a few weeks of treatment It 
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37— Periductal fibrosis and slight 28,000 un'^^ ^ 

gh tumor strain” at the age of 8 months, after 
tc had been gnen Microscopic preparation 
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Fig 38 — 
tumor strain' 
gucn 



■Proliferated dusters of tubules, possiblj ducts, in a mouse of the ‘high 
” at the age of 9 months, after 28,000 units of estradiol benzoate had 
Microscopic preparation 
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Qj til ^“ 1 ^” l^'ffuse margin of acinar clusters suggesting infiltration in a mouse 
h-.a u strain,” aged 9 months, after 31,000 units of estradiol benzoate 

been guen Gross preparation 
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eially tiue, ho\^e\el, that the laigei masses of acmi occuned in the 
older animals, iiheieas in the younger, although piohferation was 
univeisal, no laige clumps had yet been formed 

Under the microscope the acini weie found in laige groups Par- 
ticularly m the younger animals the tubules were of medium size, 
dilated with an acidophilic secretion and composed of a legular ring of 
cuboidal cells This type predominated in animals 6 months of age 
Later, smallei alveoli, collapsed and lumenless, with small cells com- 
posed mostly ot nuclei, were commoner Between these acini, sheets 
of diftusely growing epithelial cells, some showing mitosis, were present 
One tjpe of piohferation with several acini gi owing together in a 
small cluster, their lumens partly filled with cells, closely resembled 
ceitain forms ot abnormal acinar piolifeiation in women (fig 43) 

Palpable cancel developed in 2 of the 3 animals which lived to be 
or er 1 yeai old and in 2 of the 4 animals which lived nine to ten months 
In the mounted specimens fiom the other animals of these ages opaque 
islands of multiplying acini piobabty indicated the beginning of mul- 
tiple small malignant areas 

In summaiizing the effects of estradiol benzoate on the cancer- 
susceptible strain, it appears that the principal effect is still simply 
acceleration of the normal acmai prolifeiation and the eventual develop- 
ment of carcinoma on this basis Theie is m addition, moderate hyper- 
plasia of the duct epithelium, but the chief changes in this region aie 
periductal, appaiently the result of stasis of secretion in the lumens 
In this respect the mammary tissue from the animals treated with 
estiadiol resembles somewhat the type of mammary disease seen m 
■women m which the chief features aie letained secretion, periductal 
inflammation and model ate pioliferation of the cells lining the ducts 
Neoplasms of the ducts, in the sense of papillomas, were certainly not 
produced 


EFFECT OF INJECTION OF GONADOTROPIC SUBSTANCE FROM URINE 
OF PREGNANT WOMEN (fOLLUTEIN, SQUIBB) 

The dose of gonadotropic substance was 30 rat units given tiMCC 
iveekly to a senes of 11 animals of the resistant and 17 of the sus 
ceptible strain (table 11) No difficulties were encountered with t 
gning of this material for as long as thirty-four weeks 

Cancel -Rcsistcmt Stiavi — No proliferation of ducts or acini resul 
from the injection of this gonadotropic substance The character 
the gross and microscopic sections as a rule fell within the im^^ 
of w hat had been observed for the untreated animals In 2 aninia s 
the cancer-resistant strain exceptions to these findings were note 
each the larger ducts were greatly dilated and contained secre 
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®Se ^ Coalescing acinar clusters in a mouse of tl.e ‘ high tumor strain” at the 
enp Hr 3fter 40,000 international units of estradiol benzoate had been 

” Microscopic preparation 
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while numerous small acmi, sometimes in tiny clusters, were also pres- 
ent Since this was noted in only 2 animals, these changes may represent 
mduidual peculiarities lather than the specific effect of the substance 
injected 

Cancel -Susceptible Sham — ^This substance had also no effect on the 
evolution of the excessive mammary epithelial development normal to 
the cancel -susceptible strain All of the formations described for the 
control animals of this group were here repeated (fig 44) Carcinoma 
developed as a palpable growth in the only animal suiviving twelve 
months and in a second, which suivived eleven months 


Table 11 Duiation of Injections and Total Dose of GonadoUopic Substance 
from Vime of Piegnant Women (Follutetn) 


Cnncer Resistant Strain (C57) 


Mouse 

Number 

Duration 
oi Injec 

Total Injee 

tion Period 

tions in 

m Days 

Eat Units 

33 

40 

700 

23 A 

78 

1,340 

12 

235 

2,040 

29 

235 

2,040 

28 

274 

2 370 

25 

288 

2 490 

15 

316 

2,730 

23fe 

316 

2,730 

So 

379 

3,270 

01 

397 

3,420 

19 

397 

3,420 


Cancer Susceptible Strain (dba) 

— 

Duration 


Mouse 

Of Injec 
tlon Period 

Total Injec- 
tions in 

Number 

in Days 

Bat Units 

92 

36 

270 

71 

29 

SCO 

66 

35 

600 

02 

124 

1,020 

22 

124 

1020 

20 

71 

1220 

04 

71 

1,220 

09 

14S 

li^SO 

08 

164 

1,350 

79 

169 

1,410 

19 

261 

2,100 

67 

232 

2,370 

28 

289 

2,400 

24 

270 

2,520 

03 

327 

2 850 

S3 

330 

2 850 

29 

S'’o 

2 8=0 


In 1 or 2 of the younger animals it appeared possible that the 
acinar proliferation W'as a little less than noimal In 1 case 
ticularly the ducts showed almost no acinar buds except for one or 
tw’o small areas where typical but minute clusters appeared A report 
y Cramer and Horning of prevention of the appearance of spon- 
taneous mammary carcinoma in mice by a preparation containing the 
thyrotropic hormone of the anterior lobe of the pituitary gland led to 
the consideration of a possible inhibitory effect of the gonadotropic 
substance m this case The later development of tjT'cal carcinomas 
in 2 other relatively young mice led to the abandonment of any such 
theorj’ for the hormone used 

57 Cramer, W, and Horning, E S Prevention of Spontaneous Mammarj 
ncer in Mice bj Thjrotropic Hormone of Pituitary, Lancet I 72-/6, 19 
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It must be concluded, then, that this gonadotropic substance neither 
stimulated nor inhibited mammary proliferation in either of these 
strains It might have been expected that an increase in estrogenic 
substance pioduced through stimulation of the animals’ own ovaries 
would have affected the breasts As a matter of fact, examination of 
the ovaries showed them also to have been little affected It is possible 
that the long-continued injections led to the formation of antihormones 
which counteracted any other effect Such an explanation is not, how- 
ever, necessary, for when it is remembered that relatively large doses 
of estrogens did no more than accentuate proliferation of the mammary 
glands of the dilute brown strain and had little effect on the C57 
strain, it is not surprising that the morphologic effect on the mammary 
glands of an indirectly produced estrogen should be unrecognizable 

TABLn 12 — Duiahon of Injections and Total Dose of Lactogenic Pi maple of 
Antenoi Pitmtaiy (Prolactin) 


Cancer Eesistant Strata (057) Cancer Susceptible Strata (ciba) 



Injection 

Total 

/- "" - 

Injection 

Total 

Mouse 

Period 

Bird Units 

Mouse 

Period 

Bird Units 

Number 

in nays 

Injected 

Number 

in Days 

Injected 

82 

29 

42 

58 

44 

76 

89 

33 

48 

57 

64 

no 

88 

65 

112 

28 

93 

160 

72 

65 

112 

68 

113 

194 

01 

130 

228 

25 

124 

204 

10 

134 

234 

81 

124 

201 

IS 

271 

378 

31 

107 

246 

11 

271 

468 

37 

274 

432 

84 

313 

528 

30 

290 

474 

63 

347 

588 

29 

302 

522 

21 

379 

630 

22 

309 

522 

58 

429 

718 

15 

317 

522 

29 

338 

750 

21 

438 

7./6 

SO 

33S 

750 





ErrECT OF LACTOGENIC PRINCIPLE OF ANTERIOR PITUITARY 

(prolactin) 

Prolactin (Squibb), divided at first into six and latei into two 
doses, was injected to give a total weekly amount of 12 bird units 
Fourteen animals of the C57 strain and 13 of the dilute brown strain 
W'ere treated for periods ranging from one to fourteen months 
(table 12) 

Cancel -Resistant Sham —The ducts of the C57 strain after injec- 
tion of prolactin w'ere often considerably dilated and contained tnot 
secretion than w'as normally encountered There was also probablj 
little increase m the periductal collections of lymphocytes (% 
in the connectire tissue along the course of the ducts The acini 
a rule showed no increase over their normal number In a rare 
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the possibility of some development of new acini could not be posi- 
tively excluded, but the relatively large numbers of side branches noted 
m some preparations were probably Avithin the limits of the normal 
variations of the stiain Evidences of increased secretion in either 
the cells oi the lumens of acini weie notably absent The presence of 
many lymphocytes may have beeen an indication, however, of stasis of 
secretion in the ducts 

Cancet -Susceptible Stiain — Positive findings to distinguish this 
group from the untreated animals of the same strain were also lacking 
The ducts weie as a lule much dilated but nevei showed any epithelial 
hyperplasia and contained only a little secretion in the prepared speci- 
mens The acmi, as m the normal animals of the strain, proliferated 
early, at fiist forming delicate feathery or tufted structures but later 
producing bulbous dilatations suggesting distention of the acini with 
secretion Although precancerous clusters weie not infrequent, the 
degree of acinar development vaiied greatly, and m the 3 oldest ani- 
mals the acinar development was relatively slight 

Microscopic examination showed the characteiistic clusters of acini 
observed m the normal animals of the strain and often markedly dilated 
ducts The amount of secretion detectable in the sections did not 
approach that m the group treated with estradiol benzoate and perhaps 
1 not exceed the normal Collections of lymphocytes about the acini 
were again perhaps indirect evidence of stimulation of secretion by 
prolactin Although there was some suggestion of a diminished acinar 
growt 1 in these animals of the dba strain treated with prolactin, there 
IS no basis to claim an inhibiting effect Furthermore, palpable cancer 
e\e oped once among the 6 animals which lived over ten months 

SUMMARY 

The basic difteience m the structure of the mammary gland of the 
Avo strmns is persistent no matter what endocrine principle is injected 
lus, t e mouse of the C57 strain receiving the largest amounts of 
estrone (theelin) or estradiol benzoate exhibited a far less compk'' 
rnammarj' structure than did the untreated animal of the dilute brown 
s ram The importance of hereditary constitution as opposed to 
e\ raneous endocrine stimuli is thus strikingly emphasized 

he effect of estrone and of estradiol benzoate on the C57 strain 
was simply to cause moderate proliferation of the acini, while the 
action of these substances on the glands of the dilute brown strain was 
acceleration and intensification of their inherent tendency to acinar 
pro uction The lesion thus produced was adenosis w'ltli a marhe 
ten <^ucy m one strain to become malignant Morphologicaih 
resem ed the areas of acinar proliferation, adenosis or localize 
a enoma sometimes seen in human chronic cystic mastitis (fi? 
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Hyperplasia of the lining of the ducts was not prominent in these 
treated mice In some animals, especially of the dba senes treated 
with estradiol there was evidence of some reduplication of the epi- 
thelial lining of the ducts These changes were associated with secre- 
tion in the ducts and the appeal ance of new connective tissue, 
lymphocytes and fat-containing endothelial leukocytes in the periductal 
tissues The lesion thus produced somewhat resembled periductal 
inflammation in women with abnormal secietion from the nipple 
(figs 5 and 6), but complex h}'perplastic lesions, such as papillomas 
or complete filling of the ducts by epithelium (fig 8), weie entirely 
missing 

Gonadotropic substance fiom the urine of piegnant women had no 
effect on the epithelium of the mammar}'' glands of either strain It 
could not be demonstrated that it either accelerated or retaided the 
formation of carcinoma 

Lactogenic substance also had no effect on the proliferation of epi- 
thelium In certain animals, especially of the C57 strain, there were 
some dilatation of the ducts and slight signs of secretion m the ducts 

The other characteristics of human chronic cystic mastitis were 
httle in evidence 


Definite connective tissue proliferation appeared in a few mice, 
a ways about the ducts, and was probably to be explained on the basis 
0 a reaction to chronic inflammation The histologic pictuie of the 
cornmon type of human mammary disease in which connective tissue 
pro iteration leads to diffuse adenofibiosis wms not reproduced by this 
means (figs 1 and 2) 

Gysts never occurred The gross preparations pioved beyond 
question that the large, epithelium-lined structures encountered micio- 
were simply cross sections of dilated ducts 
m ^ ^ epithelium” comparable to that so frequently encountered 
1 1^ human disease was never observed in these preparations 
the ” of basic anatomic differences between the human and 

lo mammary glands it cannot, perhaps, be expected that morpho- 

g'ca y identical lesions should occur Nevertheless, the contrasts in 
sp of estrogen-produced mammary lesions m mice and the 

^^sions of so-called “chronic mastitis” in women may well 
e result of differences in etiology as well Certainly discrimi- 
cxeicised m using evidence derived from the stud}’’ of 
produced epithelial hyperplasia in mice to explain benign 

"^^'«mary prohferation in nomen 


CONCLUSIONS 


gland Jf^*^ ^Imractenstic lesion arising spontaneously m the mammarj' 
mice susceptible to caicinoma and that produced by estrogenic 



820 


ARCHIVES OF SURGERY 


substances is a diftuse adenomatous pioliferation of acini Morpho- 
logically similar structures are sometimes seen in human mammary 
disease, but their presence does not constitute an essential feature of 
“chronic mastitis ” 

2 The diftuse fibrosis or adenofibrosis which is characteristic of 
the commonest form of benign mammary disease in women has no 
morphologic counterpart in the lesions of the mammary glands of mice, 
whether spontaneous or induced by administration of endocrine sub- 
stances 

3 The human disease characterized by retained secretion in dilated 
ducts, moderate hyperplasia of the lining of the ducts and signs of 
periductal inflammation is rather closely imitated by lesions in mice 

^ developing after prolonged administration of endocrine substances, 
especially of estradiol 

4 Complex neoplastic lesions of the lining of the ducts occurring 
in the human breast, such as papillomas or proliferation of the epi- 
thelium to fill the ducts completely, do not develop in the breast of 
the mouse either spontaneously or after piolonged administration of 
estrogens 


CORRECTION 

In the article by Dr Gordon Murray entitled “Heparin in Surgical Treatment 
of Blood Vessels,” in the February issue (Arch Surg 40 307, 1940) the name 
“Labey” should be substituted for “Key” in the second line on page 312, an 
footnote 4 should begin “Labey, cited bj Key ” 
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COj\IPOUND fractures 

VILLIAM DARRACH, MD 

^E\V \ORK 

A compound fracture is a broken bone with an associated M’’ound of 
w Even if the M'ound does not actually communicate 

1 t e fracture line, the inteivening tissue barrier may be insufficient 
0 prevent spread of infection 


PATHOLOGIC PICTURE 

^ It makes little difference whether the wound of the skin is caused 
'uth fragment from within or by the force from 

and tissue is potentially infected in either case The prognosis 

und treatment are influenced greatly by the conditions 

patim wound was received The prevalence of the more severe 

and'°fT/^ ‘^^ganisms is greater m manured fields, horse-inhabited streets 
>11 s/ ^ country and dirty clothes than it is m the woods, 

protect clean houses Uninjured, clean clothing and careful 

extent I^^nsportation are comforting incidents The severity and 
cleine t^ damage to the soft parts are important factors The 
ivhicli'^ '''^’ch determines success or failure most of all is the interval 
Featm^ between the original injuiy and the institution of proper 
ortrn« Every quarter-hour counts in getting rid of the imading 

organism and devitalized tissue 


TREATMENT 

to career Ennci/i/cj — The objects of treatment are threefold (a) 
^bebrok°^h^^^ general condition of the patient, (&) to obtain healing of 
least possible alinement of the fragments and the 

>nfection^^' ^ >rnpairment of function, and (c) to prevent or control 

a»d compound fractures often have multiple injuries 

'Rstituted degrees of shock Treatment of the latter should be 

Vcatnient but onty m ith pulseless, moribund patients should 

^'»ie require allowed to delay opeiative procedures be^ond the 
>’e for obtaining necessarj’^ roentgen e\idence and preparation 
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of the operating room Treatment of shock is continued m the operat- 
ing room while other surgical measures are being carried out 

(b) The pimciples of treatment of the bone are the same for 
compound as foi closed fractures 

1 Minimize the secondary trauma of transportation and examination 

2 Reduce displacements early and accurately 

3 Immobilize sufficiently the broken bone 

4 Mobilize early the adjacent joints and muscles 

5 Maintain local circulation at its optimum 

(c) The principles of prevention or control of infection aie as 
follows 


1 Protect the wound and immobilize the injured part before trans- 
portation 

2 At the earliest possible moment, surgically remove all foreign 
material and devitalized tissue 

3 Avoid tension in the wound 

4 Provide rest for the injured part 

5 Administer serums and drugs to combat organisms 

Details of Ti eatment — 1 Shock If the injured part has not been 
splinted properly before the patient arrives at the hospital, this should be 
done before he is moved from the transporting vehicle Morphine should 
be given immediately to reduce pain and lessen muscular spasm 
and heat may be all that is necessary while roentgen and other exainina 
tions are made, but if the pulse, pressure and hematocrit readings indicafc 
it saline solution, dextrose or blood should be given first Unless the 
symptoms of shock are marked, administration of these substances can be 
carried out during the operative procedures The best way to lessen 
shock IS to get the debridement and immobilization done as soon as 


possible 

2 Chemotherapy Antitetanic serum should always be given ^ 
gas-forming organisms are suspected, prophylactic serums ma) ^ 
included The use of sulfanilamide and the related drugs as a routm 
procedure is still debatable In some clinics sulfanilamide is now us ^ 
either locally or generally In view of the complications and . 

our plan is to use it only when smears or cultures after debri cm 
yield bacteria 


3 Debridement This term has been universally adopted to 
operative removal from a wound of contaminating foreign materia 
devitalized tissue The success of the procedure will depen 
time at which it is done and on the thoroughness and gentleness 
Inch it IS carried out If it is done within a feiv hours of the ac 
one may hope to remove most of the contaminating materia 
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twelve hours the best one can do ts to control the 

After the patient is anesthetized, the \\ oun cleaned 

sterile gauze while the adjacent skin is ,tshed with 

The wound itself and any exposed tissue shou g 

salme solution, care being taken not to allow the ^tud to entei P 

planes A strip of skin 0 5 cm wide is then ^-sec d -m the^imi 

of the MOund, and the wound by^on els attac^^^^ 

exposure of the deeper portions The layer is then 

,0 the edges of the wound W.th f.esh “f ’jT^lv.ng 

carefully attacked until the whole area has been explo oj^served 

the foreign material and devitalized tissue grea car it is 

not to dLc the containmation into the depths of ‘ “ 
tinw.se, therefore, to restore the structures “™“7“'th,s 

before they and then bed have been thoroughly 
reason the practice of reducing compound fractures a 
the debndement through a hole m the encasing p gsu^e solution 

demned In irrigating the "'"""^te^aTw tow from the depths 
should be used The stream should be 

of the wound outward, With good letraction f mn be earned 

high and the nozzle placed in a small wound, the infection 
long dishtnces along fascial planes It is unw«e » use any ch 
stroiigei than salme solution on the raw tiss 

try to remove tissue devitalized by the trauma an or'^anisms, 

surface by strong chemicals These may kill some pat i g >= 

but they also kill human cells ,„fprhnn 

4 Reduction of Displacements The deformities 

first and reducing the fragments later has e debridmg 

and disabilities The time for i eduction is as and the 

operation has been completed If this can e of tj^e 

reduction maintained the patient n ill at least lai e 
propci Iciicftlii 

5 Immobilization Rigid fixation is even more 
fractures than for simple ones It not only favors 

to control the infection Frequent movements granulation 

eien through a small arc, tend to tear the limiting wa Plaster 

tissue and let the infecting organisms ,^jthout com- 

incasements inav be sufficient for transverse of the 

minution Openings must be made sufficient to allow 
uound , it 

For oblique or comminuted fractures single prefer to 

suspension in a plaster guttei splint may be use , m 

insert v ires abo\ e and bclo^^ the site of fracture 
a circular plaster splint 
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For a numbei of years I have used internal metal fixation At first 
the sciews or the plate and screws were applied through an incision 
separate fiom the oiiginal wound In recent years, however, they have 
been inserted through the oiiginal incision The leg oi arm is then 
suspended in a plaster gutter This method allows whatevei treatment 
of the wound seems desirable, permits mobilization ot adjacent joints, 
avoids constriction of circulation and insuies proper length and axis 
The hardware usually is removed after it has served its puipose 

6 Treatment of the Wound The ideal method is to cairy^ out the 
debridement so eaily and so thoroughly as to avoid infection, so that 
the wound may be sutured primarily Usually^ however, some intection 
IS left behind, and if there is tension in the wound it is much more apt 
to spread and do seiious damage than if the secretions find a ready exit 
Primary suture is being successfully cairied out in many’’ clinics, but 
the incidence of serious infection, extensive osteomyelitis, amputation 
and death is higher than when the wounds are left open, at least foi a 
while Secondary suture or healing by granulation with subsequent skin 
grafting is safer 

The pioblem of deciding what is the best subsequent treatment of 
the operative wound is an interesting one It is undoubtedly true that 
frequent, rough dressings wnth careless technic do more haim than 
good It IS also admitted that the normal efforts of the body tissues 
and fluids to resist the invading organisms are of great value These 
should be helped and not hindered Wide expeiience has shoivn that 
the Carrel method does control infection and help to get rid ol devitalize 
tissue It IS my opinion that for compound fractures which can e 
debrided and immobilized property within eight hours of the injury an m 
which the local damage to tissue is not too great, it is better to separate 
the surfaces of the wound with petrolatum gauze with no tension m ’ 
wound and to change the dressings infrequently When the de 
ment has been delayed or incompletely carried out it is wisei to use 
Carrel method 


COKCLUSIONS 

Treatment of compound fractures involves healing of the 
bone and of the injuries to the soft parts and control of infection 
future course depends largely on the character of the original 
the amount of secondary trauma incident to transportation, the j 5 

ness of the primary treatment of the wound and the time at v 
earned out With early debridement efficient reduction 
immobilization the type of subsequent treatment of the woun 
of less importance 



TREATMENT OF COMPOUND FRACTURES 

WITH SPECIAL REFERENCE TO MILITARY SURGICAL PROCEDURES 
H WINNETT ORR, MD 

LINCOLN, NEB 

Traction, reduction, drainage, debridement, wound sterilization and 
immobilization are terms used in thousands of pages that have been 
written about the contributions of the great war to civil surgery Yet 
these very terms constitute some of the difficulties m dealing with the 
subject under consideration, for many papers and even textbooks have 
left the reader in doubt as to their exact meaning And, too, meanings 
change as ideas develop Claims for the so-called new methods and 
effects of war methods on civil practice underwent considerable change 
after the war, up to the publication of the Surgeon General’s report 
m 1925 

Overseas experience during the war years revealed to me not only 
confusion of terms but an unfortunate confusion in principles and m 
practice To surgeons with what Sir Robert Jones called an “orthopedic 
conscience,” many methods and technics prevailing during the war were 
far from satisfactory It was the practice to treat compound fractures 
as Mounds until healed and then as fractures Splinting was a com- 
promise in most cases, adapted so that the Carrel-Dakin or some other 
antiseptic treatment of the wound could be carried out Prolonged delay 
’n healing of the fracture, as well as defoiinity and disability, was the 
result, as hundreds of cases that came under my personal observation 
^stifled There was a surprising return to the mobilization methods of 
rampionniere , even septic joints were kept moving, and disastrous 
ocal and general infections resulted Infected wounds presumably 
rendered sterile by chemicals were sutured True, there were a few 
ri bant primary or secondary closures, but there wmre also many “explo- 
lotis Xhe principle of diainage for infection w'as forgotten in these 
attempts to cover up pockets of active or latent septic organisms 

Some of these methods and technics were proposed as new principles 
actually most of them violated or disregarded such fundamental 
P^'i'iciples as immediate reduction of fractures, drainage for infected 
''ounds, immobilization in correct position and control during repair of 
to^ racture Restoration of circulation and ner\e supply and proMSion 
nc^ far or physiologic function m injured and inflamed parts were 
^i^l'^cted Apparently it was forgotten that these are absolutel) essen- 
'or defense against infection and for repair 


825 



826 


ARCHIVES OF SURGERY 


Such were the considerations that led me to search for a better 
program for the treatment of compound fractures in the years just after 
my military experience from 1917 to 1919 I began with a different 
method of treatment of osteomyelitis and other infected wounds and in 
1923 published an account of the method and results up to that tune 
The plan was designed to conform to the real fundamentals of fracture 
treatment I carried out immediate reduction and instituted and main- 
tained adequate drainage for all compound fracture wounds For 
piimary traction and permanent fixation I employed plaster of pans 
with moleskin adhesive plaster, ice tongs or pins Finally, I protected 
the wound against trauma and secondary infection during the operative 
treatment and aftei-care by avoiding postoperative dressings This was 
tried out first m cases of chronic low grade infection, but it was soon 
found that the patient could defend himself against almost any kind of 
infection if the surgeon would refrain from the usual custom of traumatiz- 
ing the surface of the wound and adding new and different organisms by 
exposure, dressings, mstiuments and fingers every day 

The program I proposed in 1923 was as follows 

1 Prior to any operation in a case of chronic osteomyelitis or of 
compound fracture, immobilize the patient on a traction table with all 
of the injured parts as nearly as possible in correct anatomic position 

(fig 1) Reduce the fractures at once, especially by efficient traction, so 

that circulation and nerve supply are restored If there is older defor- 
mity, correct it first by traction and manipulation Even in seriously 
injured patients with multiple fractures or extensive injuries to the 
thigh, shock may nearly always be avoided by preliminary control of the 
patient in this way If a patient arrives at the hospital in shock, employ 
the customary medication — intravenous dextrose solution, physiologic 
solution of sodium chloride given hypodermically or blood transfusion 
But do not leave him with a mangled limb unreduced and tortured by 
painful movements and muscle spasm Efforts to relieve shock (shoe 
therapy ) are often futile if the local conditions that cause so much suffer 
ing are not relieved 

2 Open the entire infected area and drain by a suitable operafio 
(debridement), so that foreign material and dead or dying tissue ar^ 
removed As part of the drainage operation the wound may be ''’P 
out with pure tincture of iodine and alcohol, as in preparation o 
skin, in order to reduce the amount and virulence of the acci 
infection 

3 To protect the surface of the wound and provide 
drainage, fill the wound wnth a nonabsorbent, nonirritating petro a 
pack (This is the open wound treatment that has prevente 
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bacillus infection and tetanus in so many cases ) Use no diamage tubes, 
and do not cover any parts of the wound by flaps, sutures or over- 
hanging portions of tissue The pack must be earned to the depths of 
the wound, and it must flow over the edges at the top to a distance of 
about 1 inch (2 5 cm ) on the sui rounding skin This is to carry dis- 




'arges away from the area just around the wound Complete tlie 
rcssing i\ith a drj', sterile absorbent pad bandaged firmlj oier the 
pack and its edges 

j Enclose the entire limb in a plaster of pans cast In cases of 
^l^ctiire and after the correction of deformities, incorporate in the cast 
Moleskin adhesive plaster, ice tongs, traction pins or pins extending 
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direct!}' into the fracture fragments (fig 2) This makes permanent 
the traction and fixation obtained on the table during opeiation Casts 
must fit well and be sufficiently extensive to overcome once and for all 
muscle spasm and nntative motion of all kinds 

5 When lemoval of a severely injured limb is indicated or even 
definitely impending, wait, if necessary, for improvement in the patient’s 
local oi geneial condition But lest this waiting be unprofitable, relieve 
pain, shock and infection by immobilization of the limb in correct 




I 

CAST APPLIED WITH BOTH PINS 

firmly imbedded in plaster 


DRESSING COVERED BY 
PLASTER FIRST CHANCE 
OF DRESSING 4 TO 6 WEEKS 
LATER THROUGH WINDOW 
IN CAST 


Fig 2 — Further stages in the treatment of compound fracture 


position and by adequate drainage while other supporting measures 
are employed 

6 Finall}, do no postoperative dressings If immobilizing 
become inefficient, if discharge is profuse or if odor (because of 
infection) becomes unendurable, change dressings in the operating ro 
without disturbing the parts and with a minimum of damage to 
surface of the w'ound Usually the original dressing may 
place for four to eight weeks or even longer, until the wound has i 
good progress toward healing j,. 

If such a program is to be adhered to a number of misconcep 
must be laid aside 
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1 The misconception that “primaiy treatment must be dela}ed to 
allow the patient to lecovei from shock,” hemorrhage or swelling The 
fact is that all of these conditions may be pi evented oi lelieved b}- 
immediate reduction and control of the injured parts m correct length 
and position With i eduction of the fracture there is lestoration of 
circulation and neive suppl}’’, hence all of the physiologic functions in 
the injured part may be expected to impiove 

2 The misconception that “ereiy injuiy is an individual pioblem 
to be solved by the particular surgeon attending in each case ” This is 
a general teaching which has done much harm Adherence to a routine 
calling for reduction of the fracture and control of the limb rvill soon 
convince any suigeon that theie aie certain rules that are applicable to 
every case, regardless of time, place or ciicumstances 

3 The misconception that “plaster of pans cannot be used in the 
treatment of fractuies” because it implies constriction of the limb and 
will do harm by interfering with circulation No properly applied 
pastel of pans cast is tight enough to cause constriction or distiess A 
painful cast is an impropeily applied cast When a cast including fixa- 
tion pins has been applied immobilization in correct length and position 
IS un fait accompli ” On modem traction tables, reduction of the frac- 
ture, suitable drainage dressings and a coirect plastei of pans dressing 
^'it^ skeletal fixation may all be effected quickly, without difficulty 


^ The misconception that “infection must be combated by active 
oicmical antisepsis” and therefoie that splints must be adjustable oi 
senior able It is too often forgotten that Loid Lister, when he intro- 
uoe the antiseptic method, placed his chief reliance on exclusion of 

local wound and on the patient’s resistance to overcome 

u and systemic infections Lister advised repeatedl) against the 
‘Ppication of phenol and other chemicals diiectly to the surface of 
warned also against the introduction of infection at the 
^uent^d und the distribution of infection by metastasis Fre- 

tlie by whatever method, violates the principle of protecting 

u ace of the wound and the patient against secondary infection 
sub” ^ uiethod as the introduction of maggots e\cr^ few davs 
cc s the patient to greater risk of mixed infection than does an 
"gat, on or an antiseptic dressing 

a"o^a ‘"’^'^"U'^eption that “the wound must be kept clean ” -ks long 
ucss^of r 'kmbroise Pare and Tohn Hunter mechanical cleanli- 

and ''"und was shown to be unnecessarv It is specific infection 
ibe uiixed infection that does the damage in these cases If 

adcQu original damage and infection inmimized b\ an 

a e pnniarr surgical procedure and if he can then be protected 
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against iintation from movement, muscle spasm and frequent dressings, 
he will usuall} be able to defend himself This is true especially if 
correct anatomic relations and physiologic function have been restored 
to the injured extremity 

6 The misconception that “fractures cannot be reduced secondanly 
or deformity corrected m the presence of infected wounds ” During 
my military service with the British twenty j^ears ago, I was taught 
that compound fractures must be soundly healed for several months 
before any surgical procedures could be attempted Procedures to cor- 
rect fiactuie deformities oi nonunion and even operations on the periph- 
eial nerves had to wait, not only until healing had been obtained (often 
it never was obtained) but until the scarred region would withstand a 
period of massage without “lighting up ” Now it is known that under 
the conditions I have described, that is, drainage when necessarj, 
anatomic reposition, perfect immobilization and protection against infec- 
tion both at operation and afteiwaid, any of these operations may be 
done at any time To do such operations without delay is especially 
important when control of a fracture has been lost oi when deformity is 
impending oi has occurred In this way long periods of disability 
defoninty are prevented Moreover, many patients will heal early, with 
good limbs, who would go through much longer periods of healing i 
their defoi unties and other pathologic conditions remain unrelieved 

My suggestions, including more or less fixed rules for early reduc- 
tion and the use of closed plaster of pans casts with no opportunity foi" 
inspection of the wounds, have aroused some opposition In some cases 
the casts became soiled and because of mixed infection had a bad odor 

The use of my methods for military operations was suggested to tic 
Surgeon-General’s office almost twenty years ago At that time ticir 
adoption could not be brought about because the plan of treatment 
“too much out of line with usual practice ’’ 

The )^ears have piled up evidence that the program proposed 
years ago was sound I now have documents to show a remar a 
success of the method in the military hospitals in and around 
during the Spanish civil war Trueta ^ reported that in the “"jj* 
of uhich he uas director more than 10,000 patients were 
pnmarj reduction, plaster of pans casts and infrequent dressings 
reports shov that the patients treated early in this way were more c 

1 Trueta, J Treatment of War Wounds and Fractures 
Reference to the Closed Method as Used m the War in Spam, l-o 
Hamilton, 1939 Dr Trueta has generously recorded his indebte ness 
methods he used “In concluding this book, I wish to offer mj tribute ° 

Orr, the ad\ocate of a therapeutic method which is bound to gi'C He 

to surgical practice in its attempt to aid the resistance of the body to m e " 

taught surgeons once again to realize that rest is the complement o 
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fortable and that they escaped the early septicemias, tetanus and other 
anaerobic conditions to which such patients with sutured wounds and 
poorly splinted limbs are subject He has pointed out also that they 
endured transportation well and that they recovered sooner and with 
Detter limbs Trueta’s ^ personal experience is indicated in table 1 

In commenting on this large and unusual experience, he said 

I smcereb believe that no other treatment could have enabled us to alleviate 
for so many \ictims the horrors of war and air raids The experience recorded 
covers thirtj months' continuous treatment of war casualties, including the immedi- 
ate surgical treatment of casualties in 300 air raids By rapid, properly planned, 
boldlj executed surgery, followed by closed plaster-of-paris casts, the casualties of 
war can today be spared the torment of having to pass the rest of their days 


Table 1* — Results of Tieatment of Open Fiactures by the Methods Described 


Type ol Fracture 


Good or 
Satisfactory 

Bad 


Cases 

Results 

Results 

Deaths 

Scapulohumeral 


55 

0 

0 

Shalt ol humerus 

Hboir joint region 

Forearm 

Wrist and hand 

Hip and neck ol femur 

Sbatt ol femur 

Knee jolat 

Shalt ol tibia and fibula 

AnWe andhtndloot 

Ton loot 

142 

64 

121 

106 

21 

101 

43 

225 

67 

128 

140 

60 

110 

93 

17 

8S 

40 

193 

60 

115 

1 

4 

11 

13 

2 

12 

3 

25 

7 

13 

1 

0 

0 

0 

2 

1 

0 

2 

0 

0 

Total 




• 


1,073 

976 

91 

6 


Quoted Irotn Tnieta,» p 135 


raids ^ntilated I believe that this is especially true of the victims of air 

the ^ surgeon is prepared to work in or close to the bombarded area To 
possibiht} of working under the strain of repeated aerial bombardments my 
^agues in Barcelona and I can testify 


ruetas figures show better results for such injuries than any 
P^'etiously reported m civil or military practice One can see that his 
Patients were protected by this plan against the advanced septicemia so 
^ patients when they arrive at the hospital His experience 

file g'ss bacillus infections assures me once more that 

Will^t^ leaving wounds open is a factor of importance m dealing 
c\c!ud^ anaerobic infections That the petrolatum pack and the cast 
e oxvgen from these wounds is, of course, an erroneous idea 
p ^ Pnnciple of pnmarjf reduction and immobilization m correct 
pro' readily accepted But if it is proposed to carrv out this 
reduction and application of ordinarv splints onlv 
^^perienced and expert surgeon can succeed with the method Tech- 
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nics such as delaying of reduction to await subsidence of swelling, 
suturing of wounds with tube drainage, use of wire splints or split 
casts, and weight and pulley traction with only sand bags or pillows for 
splints (all unfortunately still common), aie, to say the least, inadequate 
The points for consideration in both civil and military practice are 
as simple as they are important For first aid on the battlefield or at 
the scene of the accident the use of a tourniquet and traction immobiliza- 
tion m a Thomas splint have demonstiated then value as life-saving and 
limb-saving expedients Prepared m this way, the patient may be 
transported safely to a hospital where more efficient traction, debride- 
ment, petrolatum pack drainage and fixation m a plaster of pans cast 
may all be done This is the plan that I have followed for many years, 
that IS now being employed by many hundreds of surgeons and that was 
followed so successfully by Trueta at Barcelona 

The same technic is to be applied whether the treatment is primary, 
that IS, applied during the fiist few hours, or secondary, in the sense 
that the patient ai lives with the fracture in malposition, the wound 
mtected and septicemia and pyemia already established A restless 
patient with an unreduced fracture, muscle spasm, pain and a septic 
wound can do himself far more harm every hour than the surgeon will 
do by a thirty minute maneuver after which the compound fractured 
limb will be permanently immobilized in correct position, the wound 
adequately drained and the surface of the wound and the limb fully 
protected against further trauma and infection 

Illustrative of the principles and technic we advocate is the following 
report of a case 


REPORT or A CASE 

^ k T, a jouth aged 19, of Lincoln, Neb, was shot through the right kS 
while running away from an officer He sustained a compound, comminu c 
fracture of both bones just above the ankle (fig 3 A) He came to me twenty 
four hours after his injury with the leg in a foot and leg splint There were 
siderable deformity and extensive comminution , the wound of entrance was 
but the wound in the front of the leg was large, and a large, loose 
of tibia was lying with a point protruding when the dressings ^\ere taken 
The hemorrhage had been se^ere and recurred on removal of the dressing 

A. traction pin was put through the calcaneum, and the leg was pulled 
once to full length The leg was lined up as to the foot and knee without 
reference to the fracture fragments at first A second pm was put 
tibn a few inches abo^e the fracture area The position of this pm is m 
in figure 3B The exit wound was enlarged slightlj, and the large fragme 
tibia, which was entirel> separated from all tissue attachments, "as 
Some search of the entire w ound area was made for other bone fragments, a 
01 which were removed, and for particles of clothing that might have been 
A considerable number of clots were evacuated This wound was not 
to the bottom It was felt that there was a good prospect of rapid healing 
extensive packing of the wound A petrolatum pack was put over tie P 
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entrance of the bullet, and a partial pack was made of the wound m front with 
e petrolatum pack extending out over the edges of the wound onto the skin 
me was used to clean the entire limb abo\e and below the region of fracture 
P lor to any exploration, but no antiseptic was used inside the wound cavity 
IOO^'f established infection, although the patient had a temperature of 

I li I T admission to the hospital, and this temperature continued to rise 
S t > Or several davs B\ the fifth day, however, the bo) ’s temperature was 
normal, and it remained so 

At The cast and dressing applied on Januarj 25 were not disturbed until March 9 
clr remo\ed, the pins were taken out and the wound was 

the^T wound of entrance was healed, the wound of exit in the front of 

og was still slightly open, but there was no inflammation, swelling or 



niiinediat i fracture of both bones just abo^e the ankle B, position 

n ) a ter pm traction and debridement 


'^''glu'ch”^ complications The limb ^\as in satisfactorj position \ \erj 

tiirbiiig (he^^f rotation and dorsiflexion of the foot was made without dis- 

f'^atIOn "'cca A new’ cast was applied aboac the knee, without pins 

^uriii tl t'orn for another period of six weeks 

’'*''1, com second six week period the bo\ got about a good deal on crutches 
flic scco ] instructions, bore some weight on the limb On reino\al of 
24. all the wounds were healed and the iracture was 
^ 1 doub! because of the weakness of the tibia (indicated m figure 

mini OQ ^ '^'cral walking iron was put on below the kiite this wa^ worn 

''11 tl!(.i,L patient is described as t\pical ol the kind ol treatment tl at 

’’ I'i 'reqmm^'i*^ i'" belict that with less adcgiutt fixation niethcxls 

' rcssmgs he would hate pursued the usual course oi a patient witn a 
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compound infected fracture, with all the signs of local and general infection, to 
which such patients are subject 

Photographs of the limb as of Dec 30, 1939, eleven months after the original 
injury, are presented to indicate the kind of recovery obtained by this very simple 
treatment (fig 4B) 

Trueta’s figures are the latest and best statistical results that have 
been brought to my attention Many others, however, have made 
reports indicating a high percentage of recovery in cases of compound 
fracture and chronic osteomyelitis treated by infrequent dressing 



Fig 4 — A, roentgenograms showing defect of the tibia B, roentgenOor 
taken eleven months after the original injury 


Jp 

In 1931, Kulowski, then at the Stemdler Clinic in Iowa 
a statistical stud} of results in cases of chronic osteomyelitis, me 
compound fractures, from the clinics of Burns at Madison, 
Gaenslen at Milwaukee, Stemdler and Kulowski at Iowa City an 
and Thomson at Lincoln, Neb There were 426 cases, 
instances of healing (84 per cent) All of these were treate 
methods desenbed m the present paper As an interesting 
the results of the Baer maggot method at that time showe 
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m 45 per cent of cases (according to the posthumous report of Baer,- 
the final arrangement of which was completed after his death by his 
associate Dr George E Bennett) 

During 1932 I made a report on all of my compound fractures up 
to that time Of 85 infected fractures, 76, or 90 per cent, were healed , 



4 ^ Photographs of the patient uhose fracture is shown m figures 3 and 

photographs uere taken one year after injurj 


f 1S3 fractures compounded by operation for deformities and dis- 
’tties of tanous kinds, 100 per cent t\ere healed without infection 




2 Treatment of Chronic O'teomiehtis with ^^^ecot (Lar\a 


j- oi 'wnronic cmib 

^ Bone Toint Surg 13 438-475 (Tuh1 1051 


OI 
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or failure of union in any case For compound fractures of all kinds at 
that time, including those treated by my associate, Dr Thomson, 268 in 
all, the results were as follows Two hundred and fifty-nine were 
healed , 1 was not healed , 5 amputations were performed, and 3 patients 
died The last-cited figures included 84 fractures and fracture infections 
treated at the Veterans Hospital in Lincoln Many of these dated from 
the war days of 1917 and 1918 There were 84 of these, 54 of the 
patients came to the hospital with unhealed or malunited fractures Ot 
the 84, 79, or over 90 per cent, entirely recovered 

In 1933, I reported the following cases for one year to the British 
Medical Association 

There were 6 primary compound fractures, with a total of seven 
dressings and an average healing time of ten weeks In the 25 cases m 


Table 2 — Summaty of Cases and Results 



Compound Fractures 

Good 





t 


A— 

\ 

Eesults 







Secon 

Compounded 

and 

Poor 

Eesults 



Dr Orr Only 

Primary 

dary 

by Operation Healing 

Eesults 

Unknown 

Deltas 

Total 

1921 to 1929 (pub 









lished m Detroit lec 









ture, 1930) 

60 

98 


158 

1 

0 

0 

158 

1929 to 1933 (not 









published) 

86 

58 

61 

187 

6 

9 

3 

20a 

1934 to 193S 

6 

75 

76 

131 

7 

0 

2 

156 

Femurs only, to 1938 

14 

50 

75 

127 

5 

5 

2 

139 




. 




_ 

. 

— — 

Total 

166 

281 

211 

603 

ID 

30 

7 

Cs8 


overlap m cases of fracture of the femur from 1921 to 1933, but 
nucf included in the fleures for 1934 to 1938 “Compounded by operation” Includes 
piasiic operations for correction of malunited fractures and leg lengthening: operations 


which secondary operations for compound fractuie were done, the aver 
age duration of preceding deformity, disability or chronic osteomyelitis 
or all three was eight months The fractures all healed, with an average 
for the 25 cases of three dressings and three months’ time for healmg 
In 1934 I made a study of 1,300 patients with fracture treated m 
the city of Lincoln during the years from 1929 to 1933 I had done 
operations on 212 of these patients Most of the operations became 
necessary because of unusual difficulties during or after the primar} 
treatment Removal of plates or wire or operation for nonunion o^ 
infection was necessary m 110 cases In this series good results ve^ 
obtained in 96 cases, or approximately 90 per cent The defect 
primar} treatment in most of these cases was usually insufficient trac 
at first or failure to maintain traction in the after-care 

Table 2 is a recapitulation and summary of the various 
cases referred to Recent patients, many of whom are well, hai c no 
oeen included 
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CONCLUSIONS 

1 The method of immediate i eduction, open drainage, plaster of 
pans skeletal fixation and infrequent dressing is one which is simple 
of application either for emergency patients or as a program foi secon- 
dary surgical care 

2 Reduction of a fracture depends on traction more than on any 
other factor Sufficient traction can and should be applied at the time 
of operation, whether the operation is primary or secondary Length 
and position should be maintained by skeletal pins fixed in the plaster 
of pans cast 

3 Infected wounds at any stage should be left open, not sutured, 
with the surfaces of the wound protected against trauma and secondary 
infection 

4 Fracture deformities may be corrected at any stage, even in the 
presence of local or general infection, if the aforementioned points are 
observed All the injured parts are to be restored to correct position, 
infected wounds all left open, permanent immobilization m correct 
position maintained and the wound and the injured limb protected 
against further trauma and secondary infection 

5 The experience of other competent observers, as well as my own, 
IS that good results may be obtained by the infrequent dressing method 
in 85 to 90 per cent of compound infected fractures of all kinds 

This experience has now been confirmed for military practice in 
Spam by Trueta,^ whose observation of more than 1,000 cases in which 
similar treatment was given yields exactly the same percentage 



TREATMENT OF COMPOUND FRACTURES 


WILLIAM O’NEILL SHERMAN, MD 

PITTSBURGH 

First aid should be directed immediately toward reduction of the 
fracture by traction, protection of the wound with sterile gauze and 
splinting with plaster, steel oi wooden splints 

On the patient’s admission to the hospital, anteroposterioi and lateral 
roentgenograms are made 

OPERATION 

Sterile gauze is placed in the wound , the surrounding skin is shaved 
and thoroughly cleansed with soap, ivatei , ether or benzine The gauze 
IS then lemoved from the wound, and an adequate debridement of the 
devitalized skin, fascia, muscle and detached bone is made The debride 
ment is of the greatest impoitance and should be done thoroughly 
Wounds compounded from within are usually not as severe as those 
received from without, nor is the contamination as great The fracture 
IS then reduced and immobilized by splinting, and the Carrel method o 
treatment of the wound is instituted at once 


REDUCTION OF FRACTURE 

A'lanipulation and manual traction should be attempted with external 
fixation, preferably plaster If inteinal fixation with plates and screws 
IS used a Thomas, Jones or Cabot splint gives complete satisfaction lo 
selected cases Molded plaster casts rather than circular casts 
be used unless the latter are split within twelve hours, because o 
possibility of complications due to constriction or gangrene op 
inspections should be made, and at the first sign of circulatory 
turbance the splints should be released 

Should the reduction not be satisfactory an open reduction 
done after the local swelling has subsided and the temperature an P 
have become normal, wdiich is usuall)'' at the end of ten or tweho ^ 
The operatne incision for fixation of the fracture with plate or scr 
made not at the site of the original compound wound but at a 
opposite, so as not to contaminate this particular field with the 
incision The compound wmund is permitted to granulate and is u 
cicatrized before bony union has taken place However, shou 
sinus persist the plates and screws are removed and the wo 
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WOUNDS COMPOUNDED PKOM WITHOUT 

Wounds compounded from without should be tieated as potentially 
infected, a thorough debridement being performed at the earliest possible 
moment The wound should remain open, and Carrel tubes should be 
inserted to every cavity and recess Immediately after the operation 
the wound should be copiously irrigated through Carrel tubes with 
solution of sodium hypochlorite At the end of two or three days the 
dressings are changed and new tubes inserted 

FIXATION OF FRACTURES WITH METAL 

For the past thirty years I have used steel fixation routinely wher- 
ever indicated Steel plates and screws are usually employed for trans- 
verse fractures and transfixion screws for spiral and oblique fractures 
In selected cases, extensive comminuted fractures can be treated by 
bridging the site of fracture with long plates Skeletal traction with 
Kirschner wires incorporated in the plaster is used occasionally but not as 
s routine procedure, because the introduction of pins oi wires above and 
below the site of fracture increases the possibility of complications arising 
Iroin the use of this technic When indicated it is a perfectly justifiable 
procedure, but it should not become the method of choice to the exclusion 
of other recognized procedures Extensively comminuted fiactures do 
not usually lend themselves to fixation by screws and plates and should 
be treated by skeletal traction, preferably by Kiiscbner wire If reason- 
able reduction can be secured with plates, traction by Kirschner wire is 
not necessary 

It IS the geneial consensus that metal plates and screws are contra- 
indicated m the treatment of compound fractures Unless debridement 
and the Carrel v ound sterilization are done thoroughly, plates and sci ews 
s lould not be used, as they tend to complicate the massive osteomj elitis 
"•hich frequently results from infection As a rule, if plates and screws 
used the wound should be left open It is admitted that in some 
ses in which there is little or no swelling or trauma to the soft parts 
nsure of the wound can be done after internal metallic fixation, but 
and should be undertaken onlj by surgeons of wide ex-perience 

sound judgment If the slightest evidence of infection becomes 
^lanncst, the v ound should be widelj opened, plates and screw s exposed 
sur Ibe Carrel method instituted, it baling been made 

t lal the tubes have been inserted in e^er3 pocket or recess It is 
die hazardous to use metal fixation in compound fractures unless 
Un carefull} debrided and the Carrel treatment insti- 

<; "'^uiediateh The theoretic objections to the use of metallic 
lit compound fractures are based on lauU^ and incorrect con- 
due to inexperience and opinions handed dov n bciore tlie 
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acceptance of debridement as a fundamental principle and the Carrel 
technic as a definite piophylaxis against infection 

For the past thirty years, vanadium steel has been used in plates and 
screws because of its gieat physical and metallurgic properties When 
exposed to sodium hypochlorite, these steel plates corrode, and as a 
result of the oxidation due to the deposit of feme oxide staining takes 
place As a i esult, 60 per cent of the plates and screws used m compound 
fiactures must be removed I usually remove plates and screws if the 
wound IS unhealed m five to seven weeks after insertion of the foreign 
bodies 

The objections to vanadium steel have been overcome recently by 
the production of a new stainless steel (chrome, 18 per cent, nickel, 
8 per cent , molybdenum, 2 38 per cent , Rockwell hardness, C scale, 
35 to 37), which has all of the physical properties of vanadium steel 
and will not corrode in the presence of sodium chloride or sodium 
hypochlorite solutions It is much superior in physical properties to 
vitalhum, which is objectionable because it is cast metal, is entirely too 
brittle and contains air bubbles This new alloy steel is the solution to 
the question of the use of metals where screws, plates, nails and other 
metal fixative devices are used Should they be removed, they can be used 
again Metals such as monel and duralumin should not be used because 
of the tendency of the copper in the monel metal to corrode and because 
duralumin likewise has a tendency to corrode and effloresce m the 
presence of saline solution Electrolysis does not occur when like metals 
are used 


CONCENTRATED SOLUTION OF SODIUM HYPOCHLORITE AND 
SODIUM CHLORIDE (hYCLORITE N N R ) 

Sodium hypochlorite (bleaching lime) has long been known as a 
powerful disinfectant and deodorant Semmelweis’ epochal discover} is 
well known to any one familiar with the story of antiseptics Many 
hundreds of antiseptics, too numerous to mention, have been advocate 
for prevention of wound infection as well as for treatment of infeck 
wounds but have been proved absolutely worthless when put to ^ 
clinical test The action of an antiseptic in a test tube or Petri plate 
entirely different from that of an antiseptic m actual body wounds 
In the early years of the World War (1914 and 
antiseptic known at that time was tried both to prevent wound m ec 
and to control it when once present, without success Carrel an 
co-worker Dakin again reverted to the use of sodium hypochlori 
because of its instability when exposed to air it was necessary 
a lime of knov n chlorine activity in order to make a 0 5 per cent so u^^^^ 
of sodium hjpochlorite The solutions were unstable and more o 
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caustic, necessitating frequent titrations and the making of a fresh solu- 
tion every few days The solution, while stiongly antiseptic, was abso- 
lutely nontoxic, and a solvent of necrotic tissue did not destroy living cells 
or tissues Liquefaction by oxidation of necrotic tissue remoies from 
the wound the culture mediums on which many bacteria thrive 

In 1918, an electrolytic process was evolved in the manufactuie of a 
concentrate (sodium hypochlorite 4 05 per cent and sodium chloride 
3 25 per cent) of low alkalinity, 1 1 This solution is relatively stable, 
losing approximately 10 per cent active chlorine per year Its use has 
greatly simplified the Carrel treatment in that it eliminates the daily 
titrations and the making of a solution every few days The addition 
oI 6)4 parts of watei to 1 part of the concentrate makes a solution of 
proper strength as to both sodium hypochlorite and sodium chloride 
content and is vastly superior to solutions made from sodium hypochlorite 
or liquid chlorine The commonly used term “chlorinated soda” does 
not sufficiently specify the nature, quality or content of sodium hypo- 
chlorite This concentrate when diluted 6 }^ to 1 is hypertonic, greatly 
increasing osmotic action and the flow of phagocytes and lymphocytes 
into the wound, and there is no danger of dehydration of the body, 
^ch as is produced by salt packs with the technic of Sir Almoth Wright 
ne frequently hears that the same results can be secured with physio- 
ogic solution of sodium chloride Such statements are based on lack of 
nowledge of chemistry and of the physiologic action of sodium hypo- 
c ilorite and on inexperience so far as the technic of Carrel is concerned 
Ihe incidence of infection in time of peace should be practically ml The 
cniironment, the nature of the wounds and the presence of foreign 
material (multiple shell fragments, soil and clothing) do not permit as 
careful asepsis in war as in peace However, tlie standardization of 
I’^e^^nient from “firing line to base” in the British Army at the Salonika 
coiit from 1915 to 1918 (debridement, sodium liypochlonte irrigation, 
c ) tremendously reduced the mortalit}’’ and the number of amputations 
g' "c>und infections A visit to the clinic of DePage at LaPannc, 
^cgium, disclosed SO compound fractures undergoing treatment with- 
1 ' ^ infected u ound Sepsis and infection of u ounds u ere com- 
controlled m injuries treated within the fiist six to eight hours 
'ts to e\er} other hospital, except for three vhere the Carrel method 
carried out, reiealed infection in e\er 3 ’’ compound fracture (Maj to 
ember 1916) 

''’®st scrupulous instrumental technic and most careful asepsis 
be ' sound and generalh accepted surgical principles must 

and'' success is to be assured The principles are simple 

6e tasih executed b} surgeons and nurses \\ ho liar e rcccn cd 
On ha\e an understanding and who are intent on carrring 

'c technic without alteration 
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NONUNION FOLLOWING COMPOUND FRACTURES 

Nonunion is a more frequent complication m compound fractures 
than in simple fractuies, but it is important that it be differentiated from 
delayed union Application of an autogenous bone graft, either inlay 
or onlay, is usually the tieatment of choice The graft should be firmly 
affixed to the host and immobilized by transfixion with two to four 
stainless steel (chrome-nickel-molybdenum) screw’^s 

After operation, plaster splints completely immobilizing the fractuie 
should be used until union occurs The Morton Smart technic of 


graduated contraction of muscle should be instituted as soon as union 
takes place, as it not only restores muscle tone rapidly but increases the 
circulation to the extremity 

If postoperative infection occurs, the wound should be opened widely 
and Carrel tubes inserted into every recess and cavity, the hypochlorite 
solution being injected every two hours until the wound is free from 
gross infection Infected wounds usually cicatrize, leaving one or more 
sinuses leading to the steel screws This is due to coirosion or oxidation 
of the steel After union has taken place, the screws can readily be 
lemoved When the initial treatment of careful debridement and the 
Carrel technic with hypochlorite solution has been properly done post- 
operative infection seldom occuis, as one is operating in a field that 
has been nonmfected 


If osteomyelitis or infection has complicated the healing of a com 
pound fracture, resulting in nonunion, the bone-grafting operation shou 
be delayed from six to twelve months Despite delay in grafting, infection 
not infrequently follows in cases in which chronic osteomyelitis an 
infection have existed for a long time The clinical appearance is 
normal, and one is apt to find evidence of walled-off infection m sma^ 
foci which are activated by the operative procedure, resulting m 
failure of the bone-grafting piocedure Repeated bone grafts, two an^ 
sometimes three, are necessary in these cases before strong bony 
IS secured The prolonged convalescence could have been j 

reduced had the initial treatment of debridement, immobilization a 


the Carrel method been instituted 


CONCLUSIONS AND RESULTS 

Since January'- 1917, a period of twenty-three years, the 
of compound fractures by' debridement, with the Carrel nation 

tion of the fracture by internal or external fixation and immo i 
has been standardized in this clinic There were treated a 
11,127 compound fractures (not inclusive of traumatic 
and fractures of the skull, chest or pelvis), of which 630 were 
of the long bones, with the following results of 

One amputation of the leg due to loss of soft parts 
the shaft of the tibia had been destroyed at the time of the acci 
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Three amputations of the leg due to thiombosis and secondary 
hemorrhage, with extensive destruction and crushing of the bone and 
soft parts Despite gross trauma, an attempt was made to avoid amputa- 
tion, to no avail In all 3 of these cases the leg should have been ampu- 
tated at the time of admission 

One amputation due to frank infection 

Eighteen amputations of phalanges due to destruction of blood supply 
and loss of soft parts 
No cases of sepsis 

Two deaths, one from an embolus a few days after admission and 
the other from shock following a reconstruction operation 

The results secured are ample evidence of the soundness of the 
principles employed I am not in accord with the methods being advo- 
cated in Europe of nonpadded plaster, closed technic of treating com- 
pound fractures I fully realize that such methods may be necessary as 
a war emergency However, when time and environment permit accurate 
reduction of the fracture, debridement and the Carrel technic with 
immobilization either by plates or by splints is the best procedure and 
IS certain to bring about the best functional results in the shortest period, 
"ith a minimum of deaths, sepsis and amputations 
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The present tieatment of so common an affliction as a compound 
fiacture has to a certain extent reached a fixed stage As with any 
fracture, factors (such as shock, hemorrhage, or cerebral injury) which 
threaten the life of the patient must be attended to before anything more 
than immobilization of the fractuie by the simplest means is attempted 
Ideal debridement with immobilization until union has occurred is 
lecognized as utopian The proper technic of debridement, however, 
and the proper treatment of the wound aftei debridement are still 
points of debate, and it is these points which are to be investigated m 
this study Numbeiless essays have been presented dealing with the 
treatment of compound fractures, each citing the method particular!) 
lavored by the writer, with a list of his favoiable results as supporting 
evidence of the superiority of the method discussed These authors 
vary from those who would recommend sewing the debnded woun 
layer by layer, tightly, as a clean wound, and those who would recom 
mend irrigation of the open wound with a chlorinated solution designe 
to dissolve dead tissue to those who would pack the debnded iioun 
wide open -with petrolatum gauze and allow the pack to be e\tru 
from the base of the wound by the advancing walls of 
tissue Such diversity of opinion not only indicates the lack o ^ 
entirely satisfactory method but emphasizes that whatever the me 
is, it IS good in the hands of those who are familiar with its technic 
The healing of broken bones is in Itself a problem so comple'^ an^ 
so strikingly’- influenced by accessory factors that in general it 
immediate place in this paper However, in so far as factors w 
present themselves in compound fractures influence wound hea 
bone healing, a discussion of these contributory factors is ^ 

The outstanding factor is infection This investigation is an atte 

From the Fracture Service of the Cook County Hospital, the gyfgcr', 
Surges, Unnersitj of Illinois College of Medicine, and the Departmen 
Loiola Uni\ersit3 
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evaluate certain ideas in regard to tieatment of compound wounds, 
especially those sustained in dirty sui roundings That othei interesting 
associated facts present themselves in analysis is assumed 


PROBLEM AND SOURCE OF MATERIAL 


The specific aim of this analysis is to investigate the incidence of 
wound infection in compound fractures in two groups of cases One 
group was treated by thorough sharp debridement, followed if neces- 
sary by cleansing of the interior of the wound with copious floodings of 
bland solutions, such as saline solution or soft soap U S P (green 
soap) followed by saline solution For the second group almost the 
same routine was utilized, the difference being that iodine and alcohol 
were introduced into the depths of the wound after it had been debrided, 
before closure and sometimes before debridement 

The material studied consisted of the rank and file of compound 
fractures observed m the "male fracture ward” of the Cook County 
Hospital A few cases were not included because they were classified 
under another heading , the cases of a few women and children are 
included because the patients were cared for by the resident surgeons 
from the “male fracture ward ” The number of cases was 131 The 
details of treatment were almost identical The fracture was tem- 


^rarily splinted, and the patient was examined foi associated injuries 
uch factors as hemorrhage, cerebral injury and shock, ivhicli might 
jeopardize the life of the patient, were treated, it was not until treat- 
ment of the fracture was deemed imperative or safe that the injured 
member was given definitive care At that time the palpable distal 
pulses i\ere investigated, the viability of the distal part assayed, the 
racture studied and the most feasible means of immobili/ing the 
racture considered Anesthesia was induced (most often ether .incs- 
lesia or local anesthesia in this series) and the extremity unsplintid 
10 compound injury was then covered -with sterile dressings, ,ind tlie 
ontire surrounding skin was cleansed, shaved and painted with iodine 
'md alcohol up to the cutaneous margins After the field w as draped as 
’ow a major surgical procedure, the most gioss foreign material v is 
picked out of the interior ot the wound 1 hen with a sharp scalpel a run 
shm excised from the edge ot the wound, and the underlying soft 
holies were reino\ed en bloc ns shnrph as possible, the instruments 
being changed se\eial times in order to minimize contamination of 
' •I'cdih produced surfaces Xolhing except indispensable tis=iK 
^ueh as tendons, blood aessels and ncr\es, was spared The Ijoih 
'^' di n sciaj'cd or washca Bom fragments, n freed from 

~ * '‘‘='=iK Were fitted out ot the wound Gross hemorrhage was arrested 
" hcMion 01 bleeding i>oiiit« The wound was then cloced nh ifi. 

'■ C’ aeeomphdiing luer h\ laNer ''pp’'Oximatuj ) \ uiiou, erri) \y< 
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closure that wound secretions would accumulate or that postoperative 
s^vdlmg would produce necrosis The skin was usually closed by silk- 
v\orm gut, with a surgeon’s knot, which could be manipulated at each 
dressing to accommodate the state of the tissue swelling 

Although It was not possible to expose the closed wounds to the air, 
every attempt was made to maintain dryness of the wounds and in 
particu ar to change the dressings when the serosanguineous discharge 
uas su cient to keep the diessings moist This had a twofold purpose 
( } to pi event retiograde infection from cutaneous saprophytes into wet 
ressings and thence into the wound and (2) to utilize the capillarity of 
the dressings to remove undesired accumulations of fluid beneath the 
edges of the skin As soon as a solid crust had covered the edges of 

le s n, the dressings were removed and the wound allowed to remain 
exposed to the air 

In the cases in which iodine and alcohol were introduced into the 
wound, the afoiementioned technic was used except that the debrided 
woun was either painted or flushed with these drugs Such devices as 
re axing cutaneous incisions and incisions for counterdramage were 
used as needed In no case were packs inserted into the wound In 1 
TT^^c p ^ treatment (with diluted solution of sodium hypochlorite 
) was started but was abandoned soon In a few cases there 
was such loss of tissue that primary closure was impossible 

efore progressing to the discussion of statistics, it should be 
emp asized that no two cases are similar and that even in a relativel) 
arge group, such as this one, theie are enough varied factors almost to 
nu lify the value of comparison of the therapeutic methods There aie 
rare y two wounds in the same region of a bone with equal amounts of 
comminution, equal amounts of contamination and an equal amount of 
arnage to the blood supply The final outcome is also influenced by 
such factors as the age and general health of the patient and his ability 
0 mthstand the shock of the accident The last-mentioned factor is 
rare y adequate in the average patient who presents himself for care at 
the Cook County Hospital 

STATISTICS COXCLRNING rRACTORES 

The general distribution of the fractures in this series of 131 patients 
as as follows 

Kinety-three, or 70 9 per cent, were fractures of both bones of the leg 

Eighteen, or 14 2 per cent, weie fractures of the humerus and fore- 
arm 

Ten, or 7 6 per cent, were fractures of the hand 
Seven, or 5 3 per cent, were fractures of the femur 
Tvv 0, or 1 0 per cent, w ere fractures of the patella 
One, or 0 7 per cent, was a fracture of the olecranon 
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From a difterent point of view, especially in regard to further 
analysis, the fractures in the 131 cases were studied with regard to the 
following facts 

There weie 31 deaths 

Six patients came in six to eight days after injury, having been 
treated elsewhere , 3 of these were infected 

Six patients signed a release and left the hospital 
Eighty-eight patients lived and were finally dismissed from the 
hospital Half of this number were treated with iodine in the wound 
and half without 

Deaths — Perhaps the most startling figure is the high number of 
deaths In the following list they are classified as to cause These 
being traumatic are coroner’s cases, and the patients are usually signed 
out under the blanket diagnosis of “shock and hemorrhage,” with no 
autopsy 

Death terminated 31 of 131 cases (24 2 per cent) 

Ten deaths were from shock or cerebral injury (within twenty-four 
hours) 

Seven were from delayed shock, bronchopneumonia, etc 
Three were from delirium tremens 
Three were “anesthetic deaths ” 

Two w'ere from internal hemorrhage 
Two w'ere from gas gangrene 

One each was due to “pulmonary embolism lobar pneumonia,” post- 
uperatne intestinal obstruction and accident 

Probably in the first group of patients death was inevitable, and only 
because of the efficiency of the police force m bringing seriously injured 
patients to the hospital on discovery did the patients live long enough to 
^uter the ward The second group of patients were those who never 
satisfactorilj rallied from then original injury and within a week, or 
perhaps less, slipped, became semicomatose, had bronchopneumonia and 
In this group there w^as 1 patient who died of wound infection 
"as admitted to the hospital only four hours after his accident but 
"ith unmistakable signs of sepsis, the edges of the wound being red- 
^^"ed, he alrcad\ had fc\ei and presented an exhausted appearance 
^ lingered six weeks befoie death There were 2 cases of gas 
‘'"^Ut-rene, both of the patients were seeeich injured One of them was 
’■'•■‘'cd With iodine and the other without Both died after amputation 
^^utanninted extremitj The group of cases of internal lumor- 
-^e and ‘anesthetic death” is embarrassing The 2 patients wiili 
cX bcinorrhage seemed climcalh to ha\e a crushing wound oi the 
niacin 0 intrapleural heniorrh'’ge One oi the ‘ '>nc=tl'eiiC 
' ^"'Turrtd m a man aged 50 who h'>d a ir-'ctured Ininuni' Hi= 
w «iiduen occurring during the iir'i whili'- oi the e- ’ e ’c 
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The symptoms weie interpreted as indicating an attack of coronary 
occlusion The other 2 patients were men with severe injuries to the leg 
who presumably had moie cerebial injury than was apparent clinically 
There were 1 patient who died suddenly of pulmonary embolism on the 
second day of hospitalization, 1 with lobar pneumonia, and 3 who 
suffered from delirium tremens Two of the last-mentioned patients 
had suffered from seveie injury, and the psychotic episode developed 
within twelve hours after injury In these cases the diagnosis of fat 
embolism might have arisen In 1 the fundi did not show evidence of 
fat emboli The patient in the third case was a man with a compound 
fracture-dislocation of the ankle, whose symptoms developed twenty- 
four hours after injury and who died within six hours after their 
appearance 

It IS interesting to note the following distribution of the 31 deaths 
according to fiacture 

Twenty-six, or 83 6 per cent, of the patients who died had fractures 
of both bones of the leg 

Three, or 9 pei cent, had fractures of the femur 

Two, or 7 per cent, had fractures of the arm 

The mortality rate for the various fractures is indicated in the follow- 
ing data 

Seven were fractures of the femur, with 3 deaths (42 8 per cent) 

Ninety-three were fractures of the leg, with 26 deaths (280 per 
cent) 

Eighteen were fiactures ot the arm, with 2 deaths (70 per cent) 

Infecho-iis On this subject, which IS the main point of interest of 
t IS paper, we present the following statistics, based on the cases of 
the 88 patients who suivived and finally left the hospital In patients 
treated without iodine and alcohol, infection occurred in 6, or 13 1 per 
cent , with iodine m the wound, it occurred in 8, oi 181 pei cent— a 
s ig t difference, since the numerical case difference is only 2 How- 
ever, of the 31 patients who died, there were 11 rvhose wounds showed 
midence of infection In 2 of these there was definite gas gangrene 
ne patient (mentioned previously') died from his infection The other 
shoved varying amounts of infection, m most cases interpreted as 
resulting at least m part from the patient’s general debility', since a 
in ections (excluding gas gangrene) occurred in that group In ad t 

tion to the 11 patients who died of infection, there weie 14 
surv'u ed 

Of the total of 25 patients with infection, 21, or 84 per cent, had 
fractures of both bones of the leg, and of 11 patients who died, all ha 
fractures of both bones of the leg 
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Companson of the average number of days in the hospital ioi the 
patients with clean and foi those with infected fractures shows a much 
longer stay for the infected patients Including infected patients, the 
aierage number of days in the hospital was forty and three-tenths in 
the group which was not treated with iodine and alcohol in the \\ ound 
and fifty-six and five-tenths for the gioup treated by this method For 
the infected patients alone, however, the number of da3S in the hos- 
pital was respectively eight} -six and eight-tenths and eighty-one and 
fi' e-tenths Without much difleience m the two gioups, the number 


Detailed Analysis of Cases in Which Fi acini es lYcre Tieatcd in the Hospital 


Without 

Iodine 


Tactor Considered 


U itli 
Iodine 


44 
40 3 
6 

13 1 
86 9 
86 6 
2 
0 

28 
39 9 
S 

18 0 
100 6 
36 6 
1 ? 

60 0 
13 
82 0 
39 5 
5 

18 0 
100 6 
10 

35 0 

36 5 
0 


umber of cases (total) 

Average number of dajs m hospital (total) 

Cases of infection (total) 

Percentage of infected wounds 
Percentage of clean wounds 
Average number of dajs in hospital 
Number of fractured femurs 
Number of infections 

Practurcs of both hones of the lower part of the leg 
Average number of dajs in the hospital 
Number infected 
Percentage infected 

Number of dajs in hospital (infected) 

Number of dajs in hospital (clean) 

Cases in which a Steinmann nail was used 
Percentage nailed 

Number of cases of fracture treated with a nail clean 
Icrcentige nailed clean 
Number of dajs in hospital nail, clean 
umber of cases of fracture treated with a nail infected 
lercentage nailed infected 
1 umber of da\s in hospital, nail infected 
Number of case immobilized with plaster 
lercentage treated with plaster 
1 umber of dajs in hospital with plaster 
umber of infections with plaster immobilization 


44 
56 5 

5 

18 1 
SI 9 
81 3 
2 
1 

aO 
67 3 

6 

16 6 
101 
40 5 
2o 
SO 0 
20 
76 0 
66 
o 

16 6 
102 
6 

20 0 
40 i 
f) 


in the hospital was piaclicalh doubled with the de\elopment of 
duiation of hospitalization is admittcdlt long We were 
1‘tt'^*^^ 'I'^spitali/c some who might Imc been treated as ontjntunt-- 
‘^oi'ld not depend on them to return to the lollou-uji 

■/'‘'ItL nts 


-For the 6 patients who uerc not 


liiattd Flsc2k.hci c 

Tilt" ticaiment b\ us the rate oi mtcction \\ i« '0 per cent 

”1 lb 


iticiiis Cline m fiom six to nine dais late oitcn v ith deep 

''Ound, no dcbiiucmeiit and inaticquaic immoli ii-niio i ( iio, l ai. 

- 1 .1 


V s gaiit^iriit and rotn\erctl iittr multiple mci'-'i-in- ira i 

injp dreven-r^ 


^ I 

I ’ u i t'lh — li jv uivii^d iiiim tl c ti"’ 1 ix ■ 

' o, tn,_ ij- Wen ir'“iniri-' 1 1 b i ’’ p , 


I'c 
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numbei alone justifies then being consideied separately, but their impor- 
tance IS even gi eater because of the difficulties of obtaining satisfactory 
limbs in these cases Such injuiies are often contracted by direct 
violence from an automobile accident, especially from bumper injuries 
The tibial crest is subcutaneous and easily injured, the fracture is very 
easily compounded, and, since the accidents occur in the street, usually 
the contaminating materials are the worst Add to that the recognized 
difficulty m covering the fractuied tibial crest with viable tissue (par- 
ticularly after loss of tissue) which will not slough on tension and the 
known sluggishness of tibial fiactures in developing adequate callus, 
and then importance pyramids 

In discussing these cases it should be noted that theie was no rule 

which decided the method of immobilizing the fracture The choice as 

to whether a Stemmann nail was used depended on the judgment of the 

resident surgeon It may be noted that 60 per cent of the fractures 

treated without iodine were treated by skeletal traction, while 80 per cent 

of those treated with iodine were so treated This, no doubt, added to 

the number of days in the hospital for the lattei group As conditions 

varied it occasionally became necessary to change from piimary imniO' 

bihzation in plaster to skeletal traction In none of the cases m whicr 
^ This 

immobilization in plaster was used throughout did infection occur 

may be explained either because the size of the compound injury was 

slight or because frequently with the development of infection the treat 

ment was shifted to skeletal traction 

Stemmann Natl — In this gioup there were 3 infections about Stem 


mann nails No nails pulled through the os calcis 

Intel val Bejoi e Ti eatment — ^Another important factor is the interva^ 
between injury and debridement After attempting to classify tie^^ 
cases, we finally arrived at the conclusion that there is a fair 
obtaining a clean wound if the patient is treated within eight hours ^a^^^ 
injury We observed several wounds which were clean and 
debrided for the first time twenty-four hours after injury, 
occuried in a case in which the patient was seen within four 
injury In this Case the wound seemed infected on entry If* T’ of 
nhich came in late (twenty-four hours to nine days) the percena 
wound infection was 50 and would undoubtedly have been hig e 
not some of the patients been given good care elsewhere 

Gas Gangtene — ^There were 3 cases of gas 
patients died In the cases of these 2 there was only a sho 
betneen the injury and the development of severe signs of seps ^ 
third patient entered the hospital late, with mild symptoms o 


gas gangrene was detected, but he recovered 


Stce of Cutaneous Defect — ^The size of the exposed 


terrifying factor at times More important than the size 
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ous opening is the extent of inteinal avulsion of the tissues If the 
penosteuin is atulsed from tlie bone, if the bone is fragmented, if the 
\essels are toin and occluded and the entiie uound crushed, these factors 
outveigh the size of the cutaneous injui}' Theie vere 2 patients listed 
here as infected vho veie inteiesting from this point of view Both 
presented themsehes vith sereic comminution and avulsion of the 
periosteum of the tibia, vith great loss of tissue In 1, some 14 inches 
(35 5 cm ) of tibia \\ as denuded of periosteum and sui rounding muscle 
The legs were cleansed, debiided and immobilized with skeletal traction 
For fourteen da 3 's the patients showed no signs of infection, no fever 
and no discharge At the end of that time, however, a slight increase m 
the amount of serous discharge from the open wounds was noted, and 
finally, after three days, the discharge became frankly purulent Even 
then the patients had no fever, and the infection did not spread beyond 
the confines of the exposed bone Later, in the exposed marrow cavity, 
granulation tissue could be seen filling the cavity, and it also sprang 
from the viable bone Still later, large pieces of bone became loose, 
and the avulsed periosteum laid down new bone Our explanation was 
that tne vound had been clean after debridement, had we been able 
to close the skin or had the injuiy not been compounded, the bony 
fragments would have been absorbed and replaced with no ill effects 
However, m these open wounds the dead bone, acting as a foreign 
body, eventually had become secondarily infected 

Pollow-Vp — YN& have a saying that “onlj' the bad results come 
back,” but it is hard to believe that the percentage of good results is as 
bigh as such an interpretation would indicate A more satisfactory 
follow-up might throw light on such important questions as final results 
the influence of infection on callus formation Unfortunately, the 
percentage of follow-up in these cases was too low to allow formation of 
definite conclusions as to the final results 

COMMENT 

A wound which can be debrided properly is a wound which has been 
seen as a contaminated and not yet infected wound Careful excision 
of all contused tissue and removal of foreign material are done, the aim 
being to convert the area into a clean surgical ivound However, once 
contamination has occurred, it is doubtful that any debndement, how- 
ever careful, can be ideal One must picture a few lurking organisms in 
me depths of the ivound Nevertheless, the body tissues are in direct 
contact with the center of the wound, the tissue juices can pour into 
mis area, and m the absence of necrotic tissue the local defensive 
mechanisms may attack these organisms and then allow normal healing 
c the iiound to occur 
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We base oui avoidance of powerful antiseptics in the depths of the 
wound on a fact of compaiative anatomy In man the skin is able to 
withstand external tiauina and has taken over the ordinary protective 
functions of the lest of the body As would be expected, the underlying 
tissues, leheved of the necessity of protecting themselves fioin external 
violence, have diminished poweis of self preservation and hence cannot 
toleiate contact with powerful antiseptics wdnch do not harm the skin 
Picture, then, a wound after caieful debridement to wdnch one has 
added application of iodine and alcohol Alcohol is an excellent tissue 
coagulant, and this mixtuie of iodine and alcohol lines the wound w'lth 
a layer of coagulated tissue proteins Adding iodine and alcohol does 
not steiilize the mteiioi of the wound, it injuies the walls of the w'ound, 
and the bodil}'- detenses now have to handle the layer of dead cells 
lining the cavity as w'-ell as to attack the oiganisms in the wound The 
oigamsms, on the othei hand, find themselves piotected fiom the bodily 
defenses b\ the coagulated tissue and have time to gain a foothold 
Such an appaientl}^ slight factoi may' decide wdiethei the wound will 
lemain clean 


SUMMARY 

A study of 131 consecutive compound fiactuies has been made 
There were 31 deaths A detailed analysis of 88 cases is presented, m 
58 there were fiactuies of both bones of the leg, and in only 4 were there 
fractuies of the feinui Immobilization was seemed by Buck’s extension, 
plaster or skeletal ti action with Stemmann nails It is felt that if the 
patient is seen wuthm eight houis after mjuiy a fair chance foi effective 
debridement is offered Adequate debiidement should remove a 
foieign material and dead tissue, sparing only indispensable tissues « 
half the cases the debiided wound was flooded with iodine and alcoio 
before closing, m halt it w'as not In 18 1 pei cent of patients 
v\ith iodine and alcohol, infection developed, in 13 1 per 1 °^ 
those treated without iodine and alcohol, infection developed h’ tie 
group treated with iodine and alcohol, hospitalization extended 
fifty-six and one-half days for uninfected patients and eighty-<me ^ 
one-half day's for the infected group In the group treated 
iodine and alcohol, hospitalization lasted forty' and one-half days or 
uninfected and eighty -six and one-half days for the infected 
The comparison of days of hospitalization in the cases in which 
occurred is probably not of much significance, because of the impo 
of the resultant osteomy'ehtis in the duration of the therapy 
been stated, our analysis shows a definitely greater incidence o m ^ 
in the wounds treated with iodine This is explained on the assum 
that the use of iodine resulted in the death of a sufficient num er o 
to encourage infection 



COMPOUND FRACTURE THERAPY AT THE 
BOSTON CITY HOSPITAL 


OTTO J HERMANN, MD 

EOSTOV 

In 1937 I published a paper on the lieatment of compound fractuies ^ 
That paper -uas based on the work done dunng the period from 1924 
to 1934, whereas this papei coveis the woik done exclusively in the 
bone and joint serMce of the Boston City Hospital during the period 
from 1934 to 1939 Natuialh, a considerable pait of the earlier paper 
IS incorporated in this one 

During the five jear period from 1, 1934 to July 1, 1939, theie 
vere 12 230 patients with fiactuie admitted to the Boston City Hospital 
as requiring “house” care This number does not include the many 
hundreds of patients with fractures of the “immediate anibulatoiy type 
treated on the accident floor or in the outpatient depaitment Of the 
12,230 hospitalized patients, the bone and joint seivice treated 4,491, of 
"horn 398 had the “open,” or compound, tjpe of fiacture It is the 
inanagement of this tjpe of fiacture wdiich I shall discuss 

Before I go into the actual discussion of compound fracture ther- 
^PJ> I shall piesent some data wdiich I garnered from the records of 
these cases 

GENERAL 0ATA 

Age Distubutwn — The age incidence was as follows 


1 to 10 years 

10 per cent 

10 to 20 years 

17 1 per cent 

20 to 30 years 

10 per cent 

30 to 40 years 

12 7 per cent 

40 to 50 years 

19 2 per cent 

50 to 60 years 

17 7 per cent 

60 to 70 years 

9 3 per cent 

70 to 80 years 

4 per cent 


Skeletal Dtsh ihuiion — The fractures occurred in the following bones 
(bsted m order of percentage) 

Both bones of the low^er part of the leg 28 per cent 
Both bones of the forearm ^ cent 

Fingers (phalangeal) 10 3 per cent 

t Hennann, O J Treatment of Compound Fractures, New England 
i Med 217 909, 1937 
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Ankle 

95 

per 

cent 

Femur 

64 

per 

cent 

Tibia 

53 

per 

cent 

Toes 

48 

per 

cent 

Thumb 

4 

per 

cent 

Humerus 

39 

per 

cent 

Metacarpal bones 

3 

per 

cent 

Wrist 

25 

per 

cent 

Ulna 

1 5 

per 

cent 

Olecranon 

1 5 

per 

cent 

Os calcis 

1 1 

per 

cent 

Metatarsal bones 

08 

per 

cent 

Nose 

08 

per 

cent 

Skull 

08 

per 

cent 

Elbow 

05 

per 

cent 

Radius 

05 

per 

cent 

Astragalus 

05 

per 

cent 

Patella 

02 

per 

cent 

Ilium 

02 

per 

cent 

Tarsal scaphoid bones 

02 

per 

cent 

Spine 

02 

per 

cent 


Causation — It was interesting to note that 20 pei cent of the patients 
had multiple injuries, of which about two thirds were caused by t e 
automobile 


37 7 per cent 
36 2 per cent 
23 2 per cent 


The causes of fractuie were as follows 
Automobile accidents 
Falls 

Crush injuries 

Miscellaneous injunes (caused by bicycles, 
horses, guns, wagons and trains) 

Hospitalisation — ^The average period of hospitalization in 100 co 
secutive cases was twenty-seven and twenty-four hundredths days p 
patient These stays ranged from one to one hundied and t 
two days 


3 per 


cent 


Fouf' 


Mo'itality — ^There were 23 deaths recorded for the 398 cases 
teen patients died shortly after entry into the hospital (minutes to 
hours), and all had multiple injuries and were simply given 
gical first aid plus the usual shock therapy Two of the 
deaths were caused by delirium tremens and 3 by pneumonia, ^ 
died after a cerebral hemorrhage thirty-six hours after entry, an 
of embolism four daj s after entry Two died after primary amp 
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both Mith multiple injuiies, and 1 died aftei a secondaiy amputation 
for gas bacillus infection fort) -eight hours aftei entiy (The last-men- 
tioned patient had a massive, duty compound fiactuie of the lower 
part of the left leg, in\ohing the knee, the “hist aid” treatment con- 
sisted in application of a diit) lope tourniquet and a manure-soiled 
plank for a splint, and the patient was hi ought to the hospital on the 
floor of a taxicab') 

Sepsis — Sepsis occurred in 28 cases This langed fiom mild local 
wound infection to i irulent sepsis and osteom)'^elitis Fn e of the patients 
reported to the hospital from twehe to thiity hours aftei injur)'’ and were 
already infected or practicall) so The other 23 patients showed the 
following types of sepsis Sixteen had local wound infections which 
cleared up in periods ranging fiom one to foui weeks, thiee had local 
osteomyelitis (in 1 case a thumb with a compound fracture caused by the 
bite of a vicious dog had to be amputated), and 3 had gas bacillus 
infection (2 of these came to amputation, and the infection of the other 
cleared up under local and geneial theiapy) It is also to be noted that 
of the 23 wounds 4 were initially left open and tieated by the Oir 
method and 2 were left open and dakinized (tieated with diluted solu- 
tion of sodium hypochlorite U S P ) , the remainder weie given 
primary suturing 

Properly, the treatment of the compound fiactures observed over 
this five year period should have begun at the scene of the accident 
Unfortunately, the first aid treatment in these cases was for the most 
part crude and did more harm than good However, this situation is, I 
sincerely hope, now corrected, owing to the dogged perseverance and 
work of Dr William Reggio in connection with the local police 

department 

TREATMENT 

Measui es — Treatment of compound fractures in this hospital, 
as has been mentioned, begins on the accident floor There an exam- 
ination is made of the patient as a whole by one physician while the 
compound injury and the patient aie given initial treatment Because 

the terrific smash injuries by automobiles toda)’’, the general exam- 
ination must be carefull) carried out The examiner has to bear in mind 
all sorts of complications Besides shock and hemorrhage, he must look 
lor injuries to the skull, the spine the chest, the kidneys and the 
abdominal viscera and many other things The large number of cases 
° multiple trauma makes this paramount today 

The initial treatment consists in immediate institution of shock and 
lemorrhage therapy (heaters, blankets, morphine), exposure of the 
compound fractuie and its immediate covering with a sterile dressing 
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Then come lemoval of all clothing and temporal y traction and fixation 
ot the fractuie by a Mui i a 3 '^-Jones arm splint, a Keller-Blake leg splint 
or a “pillow and sides” splint, as the condition requnes After this 
pielimmary examination and treatment, if the patient’s condition is 
satisfactoiy a roentgen examination is made, and the patient is then 
taken to the operating room 

If, ho^^eAel, the patient is m sereie shock on arrnal, he is at once 
tiansported to a shock room, where he is put into a shock bed equipped 
with blankets and electiic pads He is gnen morphine, his clothing is 
remored, the wound is dressed and the fiactuie is temporarily splinted 
(As much as possible of this is done undei blankets ) Tieatment of the 
shock is then continued along the lines suggested b} one of the staff 
members. Dr Kenneth Coonse At this hospital m\ associates and I 
still have to depend on the not too accuiate method ot gaging tiaumatic 
01 hemoirhagic shock by the systolic and diastolic blood piessure Any 
pressure below 90 is potentially dangeious, and an^ pressuie vhicli per- 
sists below SO IS insufficient foi adequate ciiculation in the peripheral 
tissues As Coonse has stated, it is important in cases of suigical shock 
to institute piompt tieatment sufficient to lestoie an adequate level ot 
blood pressuie, together with adequate red corpuscles and serum pro 
teins This, of course, is best accomplished in the majoiity of cases h) 
ti anstusion of whole blood In cases of severe shock, i estoi ation of t ic 


blood volume is the first and most important piocedure As no 


'‘blood 


rvivilll'w AO AAA OU CAIAXA A i J 1 /A ACA A A A ^ W . 

banking” system has been established at oui hospital, a definite intena 
elapses betv een the patient s arrival at the hospital and the actual trans 
fusion This time is valuable, and so while waiting for the typing an 
the donor ve make use of a special sodium bicarbonate solution in coni 
bination with hypei tonic dextrose or saline solution, as directed } 
Coonse This sodium bicai bonate solution is of about 7 per cent sti 
and comes m 50 cc ampules It is given if necessarc at half lor^ 
intenals until the transfusion is actually being given The bloo 
gnen generally m citrated form (though some still give whole bloo 
the Kimpton tube method) and amounts to about 500 cc As a 
patient responds rapidlv to this intrarenous sodium bicarbonate 
ment and in the majoiity of cases can be taken to the operating 
1 la the x-ra}' room within an houi of arrival at the hospital ’’ 

I belicAe, has aided greatl} in lor\ering the incidence of sepsis ^ 

In all cases, after testing and desensitization a prophylactic 
100 cc of gas gangrene antitoxin and 1 500 units of 
are gir en intramuscularly Patients having large macerate 
or extremelj dirrt ones are given the same amount of gns 
antitoxin v ith 5 000 units of antitetanus serum, and this dose is r 
tv ice during the first ten days 
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Anesthesia — The t3pe of anesthesia is selected by the suigeoii and 
the anesthetist aftei a clicck-up of the patient’s local and geneial con- 
dition The t3pes of anesthetic used arc spinal anesthetic agents, 
nitrogen monoxide and ethei, nitiogen nionovide and o\3^gen, aveitin 
in am3lene h3diate with ethei, intiavenous pentothal sodium with oi 
without a local anesthetic and, occasionall3’’, local anesthetics C3"clo- 
propane is also given when indicated 

Piepaiation of the Wounded Aiea — As soon as full anesthesia has 
been attained, an assistant leinoves the tcinpoiai3’’ splint, maintaining 
traction, while a second carefulh shaies the limb about the wounded 
area If the skin is coiered with oil or giease, a careful pieliminaiy 
cleansing wntli benzine oi ether is done b3'^ the second assistant This 
cleaning is all done with the w'ound caiefulty coveied wuth steiile gauze, 
which has replaced the initial dressing aftei mateiial for a “wound 
culture” has been taken 

With this sterile dressing caiefull3 held on the wound, an assistant 
who IS scrubbed and is wearing sterile gloves begins a thorough cen- 
trifugal cleansing of the skin sui rounding the w^ound with soap and 
water The cleansing is done b3' sterile gauze pads, and at least fifteen 
minutes is consumed in this The skin is then carefull3’’ wnped with 
gauze soaked in saline solution followed by ether 

This assistant now changes his gloves, removes the sterile pad from 
the wound and replaces it with one that just fits the wound itself and 
not the edges The edges are then given a cleansing with soap and water 
followed by ether Again the assistant changes his gloves, soap and 
Water, removes the pad from the wound and pioceeds to clean the 
wound itself with sterile gauze and w'atei and soap, following this wnth 
ether w^ash 

Deb) ideinent — The surgeon steps in and drapes the wound in the 
nsual manner after wnping the skin and then the wound with ether or 
alcohol or, sometimes, painting it wuth a 2 per cent iodine solution He 
fben proceeds to excise the traumatized lacerated edges of the w'^ound, 
generally to a wudth of not more than mch (0 32 cm ) This is done 
cleanly ^ith a forceps and a knife Extieme caie must be taken not to 
^'^cise too much of the edge of the skin The operatoi then changes 
mstriiments and commences the debridement propei Dining this, 
gentle irrigation wuth w'arm salt solution is going on No forceful stream 
is used 

In regard to debiidement pioper, the technic described b\ Wilson 
iind^Cochia ne - is, wuth some exceptions, essentiallj^ follow ed 

dtl \ ^ D , and Cochrane W A Fractures and Dislocations Phila- 

Pna, T u Lippincott Ccmpan\, 1925, pp 49-57 
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'tself, the most careful techn.c is 
and lfoid nut should emploj instruments altogether m handling of tissues 

and ^ Old putting the globed finger mto the ^^ound A frequent change of 

7 r?""* »”• " »0 't •'« Sloes b,™' 

uashe^ m in t' should be immediately changed, or carefulb 

matizaton o h i," f ‘^hen to aio.d trau 

SrZ i m ’■“'^ehlv xMth forceps 

as the lair' ^ ^^‘her than bi wiping, 

Said ii w'f Careful hemostasis must be 
i the tisJi H i i"’' ligation en masse, 

for ort^anism 'n ° epnied of blood supph and furnishes excellent media 

knots cu Si n is "‘th fine catgut and the 

far or the de l'^ Suture and ligature material constitute foreign bodies and 
lai or the det elopment of infection 

walls of best performed bj the method of progressue excision of the 

considerable "ri u Possible this may be done bv block remoial to a 

this manner Zi ne'er possible to deal with the entire wound m 

sure-eoii sbn irT u anger is ahva\ s in the excision of too much tissue The 

ireqintly b i f 'varned against this fault, as it is one that has 

irequcntly brought the operation into disrepute 

shoSibeii Tissues The external wound opening 

ite access " ^^’-^nding strip of skin 7 mm to 125 cm wude Com 

The ia is n r' P remo'ed more wideh 

tins irit nns may be excised en bloc When 

soiled tissue * surfaces should be carefully inspected and damaged and 

iniateibTfrePTi,'''^^'’^'^^ ^he blood supph is good, as 

how'eter the nn rs sufficient to remo\e a laier 6 mm thick Ifi 

should he remr, uo^ing IS absent, the tissue should be excised Blood clots 
Lacerated tenri infiltrations traced back along the fascial planes 

condition eitb should be opened and the tendons, depending on their 

conffition, either lemoyed or thoroughly cleansed 

It should np^° u Tissue Muscle tissue should be treated with great care 
remoied ns ^ ®^utioned trans^e^seh be\ond the part wduch needs to be 
minute nen^ regenerate and there is also likely to be injur' of the 

site for the ri running wuthm the muscle itself Howeaer, it is the fa'onte 

be thoroiirrUiP^ infection, and all damaged and soiled tissue mu't 

color thePrv ^®*uoved Health) muscle may be recognized b) its norma 
stimulation w nh tofcepT"”^^ contractible re^pon^e on 

^ ^ modified way this technic has been follo'ved by my associates 

p-nnrl ^ ^ rnust he emphasized that excision en bloc requires extreme!) 

crprif^r Judgment It would probably be safer to recommend 

fnnni P ^ careful, S3stematic removal of de'itahzed tissue 'vhere'er 
occasional fresh compound fracture that we enlarge 
3 incision into neighboring tissue It is our belief that the procedure 
Vicci ^ri most cases and onl 3 ' adds more trauma, opening tre- 1 

hp I f i ^ ^oreb 3 " increasing the possible incidence of sepsis It slmi* 
inn e to t le fe'i instances in wdnch internal fixation is needed, where 
considerable underfying traumatized and de'itahzed tissue, 
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or m which a simple plastic opeiation is to be done Again, though we 
remove blood clots, ^\e belie\e in not distuibing the fascial planes to 
any considerable extent in tiacing blood)' infiltiations Also, we aie 
ultraconservative in dealing with tendon sheaths and tendons 

hngation — After the debiideinent the wound is thoioughly but 
gently irrigated with ^\alm salt solution follow'ed by an ethei wash, 
care being taken to avoid the bone and its co^el]ngs in peifoiining the 
latter 

Ticatment of the Fiactiuc Piopct — The suigeon now again changes 
his gown and glo^es and lediapes the opeiating field With an entire 
fresh set of instruments he tieats the fracture proper The fiactuied 
ends are gently curetted to icmove all possible contamination, the 
instrument is discaided, and the wound is again gently iiiigated If 
the fracture is comminuted, exti erne care is exei cised in compact handling 
of the fragments At this stage we beai in mind what Rutherford ^ said 
in regard to this “The leaving of bone fragments in a comminuted fiac- 
ture IS the surest way ot seeming natural and lapid repaii, while the 
removal of these fragments is the surest way of securing ununited 
fracture ’’ 

We agree with him that it is extremely laie for a piece of bone in 
the ordinary compound comminuted fracture to be seveied fiom all 
vascular supply A piece of bone may be sepaiated from the mam shaft 
hut not from the organically connected soft parts Theiefore, loose and 
comminuted fragments of bone should not be lemoved unless they aie 
practically extruded from the wound and completely separated from all 
hlood supply 

Choice of Pjoccdwe — Fiom this point foiwaid the treatment will 
proceed according to the surgeon’s experience and judgment ^ I realize 
^hat some surgeons uill pioceed exclusively along conservative lines, 
^hat IS, they will never plate, band, sutuie or nail this type of fracture 
riy associates and I unhesitatingly do so if we think the fracture requires 
't and if in our judgment the patient’s condition warrants it 

Roentgen examination plays its pait at this stage and often deter- 
mines the decision between internal fixation and conservative treatment 
ccause of improved methods of enclosed fracture treatment it is found 
diat only a small percentage of these fiactures require inteinal fixation 
as I have said, when a compound fracture needs internal fixation 
2nd the patient’s geneial condition is good, we use it Because of the 
relatively high incidence of delayed union and nonunion in these frac- 

3 Rutherford, A G Afanagement of Fractures of the Femoral Shaft, 
Virginia AI J 22 6, 1926 

f Forrester, C R G Imperatoe Traumatic Surger^, New York, Paul B 
HoAer, Inc , 1929, chap 18 
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tures, accurate reduction and apposition are paramount Internal fixa- 
tion IS solely needed in some cases In the selected instances in which 
my associates and I have felt the need of internal fixation and use it, 
we have found the wound remaining free from sepsis and giving rela- 
tively early good end results Such results have shown us that the 
addition of the trauma of internal fixation to that of the original injury 
does not necessaiily mean later sepsis The use of such foreign mate- 
rials as plates, screws and wuies is not contraindicated because of their 
instigating later sepsis Also, internal fixation has the advantage of 
absolute holding of the snug approximation, resulting in earlier union, 
It gives relief from pain , it prevents spread of infection, and it permits 
ease of handling of the patient, an all-important factor from the nursing 
and the convalescent standpoint These arguments again uphold the 
contention that a great deal of judgment and experience is necessary 
befoie the surgeon can determine accurately the best method of tieat- 
ment in each case 

The next stage of compound fracture therapy is controversial Shall 
the wound be left open^ Shall it be treated by the Orr method, by 
dakinization (iriigation with diluted solution ot sodium hypochlorite 
U S P ), by primary suture and temporary direct or dependent drain- 
age or by simple primary suture ^ ® I have neither space nor time to go 
into the arguments for and against these methods Each has its many 
ardent advocates I believe that they are all good methods I feel 
the surgeon should use that method which in his hands, in his experi- 
ence and in his surroundings has been kindest to him and his patients 
However, he should not be absolutely dogmatic in regard to its use 
Cases will be observed in which there can be no doubt of the superioritj 
of one of these methods, and then it should be used ® My associates 
and I happen to prefer as first choice the primary closure procedure 
w ithout drainage We have used it in roughly 85 per cent of our cases 
and the Orr method and dakinization in the remainder ^ 

In compound fractures treated by the closed method the woun i- 
closed in such a manner as to allow good tissue drainage, that is, n 
snug and sealed tight closure is attempted These fractures aie u® 
drained b)^ tube or by rubber dam We depend entirely on our ^ 
spaced type of suturing for tissue drainage With this closed met 
we make certain that the exposed area of bone is covered If 
that the edges of the wound can be brought together only by M 
tension or not at all we do not hesitate to promote closure bv nia 

5 Graies, G Y Primars' Suture of Compound Fractures ke\ 

Cases, Am J Surg 13 539, 1931 

o Scudder, C L The Treatment of Fractures, Philadelphia, Q<,nec 

Compan\, 1926 Cotton, F J Treatment of Compound Injuries, surg, 

A Obst 52 371, 1931 
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lateral incisions on each side of the wound to allow the edges to be 
drawn together without tension In cases in which this procedure is 
not sufficient a simple plastic operation is done Abor'e all, the wound 
should not be closed undei tension, and there should be no exposed 
bone 

The open method is geneially chosen by us when a good-sized area 
IS involved , when there is considerable avulsion of tissue , when a con- 
siderable amount of dirt has been drawn into the wound, or when the 
patient has been m great shock and eight or more hours has elapsed 
since the accident In such cases the fiacture is treated finally by the 
Carrell-Dakin method or by the Oir petrolatum pack method Later, 
when a smear shows a sterile field, a secondary lepaii of the fracture 
and the tissue is done 

Fixation — The final step m the initial tieatment for compound 
fracture, after the appropriate dressing has been applied, is the applica- 
tion of fixation Patients in whom internal fixation has been established 
need, as a rule, only some simple type of external fixation, such as 
a plaster of pans cast with an appropriate and well placed “window ” 
Some may be held in a well fitting arm or leg Thomas splint or ei en 
the old-fashioned Buck apparatus A large peicentage of those who 
have been treated conservatively (i e, without internal fixation) and 
in whom the fracture has been more or less easily reduced do well with 
fhe molded plaster of pans cast with “windows” over the wounded 
area Fractures with a maiked degree of overriding oi comminution 
I'lth displacement are put up in traction in a Thomas aim or leg splint, 
^ Thomas leg splint with a Pearson flexion attachment, a Jones 
lumeral extension splint or the simple “crotch” humeral extension 
splint Patients tieated with the Thomas splint are geneially put in 
suspension traction on the Balkan frame or on a goose-neck abduction 
ranie The types of traction used are skin Sinclair skate and skeletal 
Kirschner wiie) I wish to warn against dogmatism as to the 
uicthod used 

^viisiial Fiactiiies — Theie is one tjpe of compound fracture uhich 
'ters from the usual (frank) kind It is the pinhole, or puncture, 
3Pe Surgeons are not unanimously agreed on the treatment of this 
'Pe of fiacture It is said that about 75 per cent of such wounds heal 
’uiuiediateh , but, eren granting this to be tiue the surgeon -who is 
routed mth an open fracture of this type can never be absoluteh 
j’rue that it is not infected The best basis for the treatment of such 
•uctures is the assumption that the} are all potentialh infected This 
l^jo whether the fiacture is compounded from within or fiom without 
^ "ho have seen a number of compound fractures can recall tragic 
"■'OS following a simple dabbing with iodine of the pinhole t}pe ot 
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compound fractme My associates and I have decided that all such 
fractures should be treated by the regular excision-debridement method 
Again, there are a few cases of compound fractures in which the struc- 
tures are so mangled and bones, muscles, vessels and nerves have been 
so obviously toin be 3 ond lepair that amputation is the only surgical 
solution These aie the obvious cases There is a type, however, with 
which one too often lets an enthusiastic desire to save a limb overcome 
good surgical judgment In such cases one foigets the inevitable later 
virulent sepsis or the slow or nonestablished collateral circulation caus- 
ing gangiene and infection, and one amputates too late This is not a 
plea for amputation as such It is a plea to the operating surgeon to 
counsel wisely with himself and others in such bordeiline cases He 
should and must reraembei the possible saving of life by primary 
amputation i ersus the temporary saving of the limb with a latei inevita- 
ble amputation and probable loss of life from sepsis 

Complications — Despite the conscientious and meticulous care given 
to compound fractures, the common enemy, sepsis, does appear and 
do damage m mmoi and major degrees Its therapy, therefore, must 
be given due consideration In some of our cases during the past two 
years we have been giving sulfanilamide as a piophylactic medicament 
to those patients in whose cases the initial culture showed some grow'tli 
of streptococci The tw'O less fiequent but Mrulent and deadly types 
of sepsis are the gas bacillus infection and tetanus At the first sign o 
“gas” infection (the chai acteristic odor, loss of contractibility of the 
muscles when they are pinched with a forceps and their discoloration, 
pain, elevated temperatuie and pulse late, crepitus, a tympanic area 
about the w'ound or the Iiegmnmg of cutaneous mottling) speci c 
treatment should be instituted at once 

The original culture of material taken from the w'ound before i s 
cleansing and debridement may give even earlier w'arning 

My lules for the tieatment of gas bacillus infection are as fo oi'S 

1 Operate as soon as the diagnosis is made , . 

2 Make the local preoperative pieparation as rapidly as possi > 
aioiding all unnecessary trauma 

3 Do not use tourniquets 

4 Make long, deep incisions 

5 Go between rather than thiough noimal muscle fibers 

6 Excise all tissue wdiich appears infected 

7 Sterilize the wounds as rapidly as possible with alcoho 

8 Place Dakin tubes into the wound in adi antageous p 
pack gauze strips saturated m hydrogen peroxide about them 

9 Over all put sterile petrolatum gauze packs 

10 Connect Dakin tubes to a common tube thiougb gnd 

diluted solution of sodium liy poclilonte U S P (Dakin s so 
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hydrogen peroxide can be injected alternately and which can be con- 
nected to an OX} gen tank Ma a \\atei bottle, so that bet\\een tire irriga- 
tions A\ith the sodium hypochloiite solution a fiesh supply ot oxygen 
IS being constantl} sent to the tissues 

11 Use 100 cc doses of the specific anti-gas-bacillus seiuin daily 
or if deemed necessar} at six horn intenals 

12 Stimulate with caie 


13 Give frequent fractional blood tiansfusions 

14 Record the pulse and tempeiatuie eveiy halt-hom 

15 At the least sign of lapid spreading of infection oi of increasing 
pulse rate and temperatuie, do a lapid guillotine oi tiansfixion amputa- 
tion and follow it with caieful stimulation 

16 Perform the enumerated steps as rapidly as } on can 

Tetanus, at least in this geographic aiea, is a raie complication today 

However, wdien tetanus does appear we institute specific treatment at 
ouce Our therapy follow's along the geneial lines as laid down today 
First, a careful intradermal test with the serum is given If the result 
IS positive, a most careful desensitization is done One houi after this, 
an intraienous injection of 10,000 to 20,000 units is given subcutaneously 
and repeated at eight to tw^entj-foui hour mten'als until 200,000 units 
has been given After this, an intravenous injection of 50,000 units is 
given Twelve hours later the pioceduie is repeated Today it is 
thought that massive doses should be administered as early as possible, 
not less than 100,000 units is advocated as an initial dose for all adult 
patients in whom the infection is not obviously mild Even if svmpto- 


inatic improvement occuis after laige initial doses, the patient is given 
repeated doses of 50,000 to 100,000 units It cannot be definitely con- 
duded that intraspinal administi ation offers any advantage It has also 
tieen found that dextiose (in vitio) is capable of neutralizing the 
tetanus toxin to a ceitain extent, and so in addition to the antitetanus 
serum, a daily 200 cc intravenous injection of 10 per cent dextiose 


given The wmund is, of course, left wude open and treated hourly 
">th hot diessings wet with diluted solution of sodium hypochlorite 
Or through Dakin tubes by alternating hourly irrigations vv’ith the 
sodium hj'pochloi lie solution and vvuth hj’^diogen peroxide In conjunc- 
^011 will] this the patient is tiansferred to an isolated, daikened loom 
'^er) thing mov'able that is not needed in the room is removed The 
ooor must have rubber checks The nuises must wear lubber-soled 
loes iTorphine, allonal (allylisopropv'ibarbituric acid with aniino- 
pv rine) amv tal or av ertin w ith amylene hv^drate must be used to keep 
t 'c patient quiet Foi convulsive seizures a general anesthetic mav be 


he Virulent Streptococcus haemolyticus infection also gives us con- 
5'derable worrv and work We give the patient subpectoral and mtra- 
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venous injections of physiologic solution of sodium chloride and dextrose 
solution In some cases we give whisky or brandy Sulfanilamide or 
one of its newer derivatives is also given routinely in these cases We 
also see that a well chosen diet is given However, the most important 
therapy for this virulent type of infection is repeated fractional blood 
transfusions We are firmly convinced that such transfusions, judi- 
ciously dosed and spaced, have saved many patients These transfusions 
may range from 150 to 500 cc and can be of the citrated or of the whole 
blood type A frequent check-up of the blood serves as a guide in regard 
to the frequency and time of the transfusions 

This treatment we give also for the serious Staph} lococcus aureus 
infections With all such infections we find that painstaking and alert 
special nursing is absolutely necessary for a happy outcome Also, m 
cases of serious infection we confer with the internist in regard to the 
type of treatment Our local treatment consists of adequate free drain- 
age with active dakinization or frequent changing of hot moist dressings 
saturated with diluted solution of sodium hypochlorite, with hot flaxseed 
dressings over all When extremities are involved, we make use of a 
specially wired bed cradle which is provided with electric bulbs to 
maintain an equitable warm temperature We also make use of physical 
thei apy , i e , we give radiant heat by means of the infra-red lamp and 
also expose the patient locally and generally to ultiaviolet rays We 
usually put the patient into a suspension apparatus 

Despite this local radical surgical treatment giving adequate free 
tissue drainage, we have found that there is a certain type of compound 
fracture which is associated with a protracted elevation of temperature 
and a characteristic peisistent pam Fortunately such fractures are 
uncommon The following case illustrates well the type to which 
refer 

REPORT OF A CASE 

In the spring of 1925 a girl 6 jears of age was transferred to the Boston Cit) 
Hospital from another hospital Three weeks earlier she had sustained a w ^ 
se%ere compound fracture of both bones of the lower part of the leg She 
been carefulh and intelligently treated The fracture had been „ 

the beginning by the “open” method It was well dakinized with jng 

of sodium h^pochlorlte Despite the careful treatment, sepsis crept in, an nr 
the third w eek it w as at its height On two occasions w'cll planned incisions 
drainage operations were performed, jet the fever, the heightened pulse rate an 
pain persisted It w'as at this stage that she was transferred to the Boston 
Hospital The pre\ lous drainage of the soft parts w’as obviouslj' adequa ^ 
infection of the bone was the only possible cause of local pain Q^er' 

iractured ends of the bones were guttered and pus w'as found Because 
riding, the ends were separated and held in Smith clamps in the reduced P 
The w ound w as dakinized the 

The child had immediate relief from pain after this operation n 
had a remarkabh smooth, une\entful con\ alescence There was no mar 
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tration In si\ weeks, with good callus formation present, the Smith clamp was 
removed, in another si\ weeks the w’ound was clean and healed The fracture 
was in excellent position and well united Todaj the patient is about 21 years 
01 age, and her injured leg is as long and straight as the other one and functions 
perfeetK 

Cases like this showed us that compound fractuies associated with 
persistent fetfer and pain despite appaientl) good tissue drainage need 
adequate bone drainage I may also say here that, although we are 
not so enthusiastic as Baer was about his maggot theiapy for acute 
uncomplicated osteom 3 'elitis, I can tiuthfull}^ say that for cleaning up 
obstinate, chionically septic compound fractures wuth the complicating 
osteomyelitis the Baei maggot theiapj' has proved very satisfactory 
to us 

Delayed Union and Nonunion — Theie aie two othei annoying 
complications, and they are of gieat importance, especially economically 
These are delayed union and nonunion It is the general rule that com- 
pound fractures unite slowly and occasionally not at all Because of 
this, one must give most of the patients specific medicine and diet (cod 
''ei oil, viosterol m oil and so forth), as well as physical therapy 
(diathermy, ultraviolet inadiation, massage) Selected patients are 
given indirect stimulation by weight bearing w'lth fitted ambulatory 
splints or properly prepared plaster of pans casts wuth Boehler walking 
irons or plaster soles and heels 

However, despite all this local and geneial specific treatment, there 
^re occasional cases of obstinately delayed union in which the bone 
^pparently will take many months to unite oi to go to an ultimate state 
nonunion From our actual experiences with such cases my associates 
I have come to the conclusion that the patients can be saved eco- 
nomical!) valuable months by some simple, stimulating bone-foiming 
operation, such as the modern adaptation of Dr Daniel Bramerd’s 
^0 e drilling or that procedure plus an inlay graft, clup grafts or an 
^^^°P^^'osteal graft The great saving of time to the patient, insuring 
^ return to normal w'ork and w^ages so much eailier, is a vital 
economic aigument for this procedure 

SUMMARY 

first aid should be gnen in cases ot compound fractures 
's includes propei handling, modem emergenev splinting and careful 

transportation 

side^” compound fracture it is absoluteh imperatne to con- 

first, the patient and, second, the fractiii e One should be prompt 
giiwr'"^ propel rest, stimulation, prophvlactic injections of anti-gas- 
^rene and antitetanus serum and general supportne treatment with 
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an emergency diy steiile dressing and external traction and splinting 
One should also be careful in the geneial examination to look for 
signs and symptoms of internal damage 

To insure good teamwork it is necessai} to have well planned 
methods of prepaiation of the skin, debiidement and cleansing of the 
wound In treatment of the fracture itself, it is uiged that surgeons 
be open minded One should “size up” the situation quickly and be 
ready to use any of the sevei al universally accepted methods f oi traction, 
inteinal fixation and other theiapeutic measuies 

One should not be dogmatic about “closed” and “open” wounds 
One should be ready to use either the closed or the open technic accord- 
ing to one’s judgment 

The type of external fixation should be chosen caiefully 
One should counsel wisely and with others as to the question of 
primal y amputation veisus probable later amputation for complicating 
virulent sepsis with its piobable fatal result 

In the treatment of latei complicating gas bacillus oi tetanus infec- 
tion, one should give piompt and radical tieatment with appropriate 
stimulation and supportive medical measures The same may be said 
of the virulent streptococcic and staphylococcic infections 

One should considei bone grafting as a laluable time saver in care- 
fully chosen cases of delayed union 
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OPERATIVE FIXATION OF FRACTURES 


STEPHEN HUDACK, AID 

NEW lORK 

The purpose of this paper is to repoit the expeumental and clinical 
use of high chromium, low nickel steel in the operative tieatment of 
fractures in the seivice of Dis William Dairach and Clay Ray Muiiay 
The reason for the choice of this mateiial deiives fiom some of the diffi- 
culties encountered in the use of othei metals as well as from the guiding 
work of Zierold,^ who studied the intei action between a senes of metals 
and living tissue, and of Jones and Liebeiman,- who concluded that a 
high chromium, low nickel alloy is least objectionable foi internal 
; fixation 

•' Aside from the cases in which foi mechanical oi other leasons the 

> operative method of treatment of fractures has failed, there has accumu- 

Hted in this and other clinics a group of cases m which the plate or 
•’ screws used m the mechanical fixation of the fractured bone have 
broken The breaking of a vanadium plate oi screws in such instances 
IS a failure in treatment and sometimes a surgical tragedy 

In the face of these difficulties it is not easy to defend the opeiative 
treatment of fractures However, a defect oi a failure in method does 
not invalidate a principle, nor does a good principle justify a hopeless 
wetliod But because my associates and I believe that the operative 
method for the treatment of fiactuies is justified under controlled 
circumstances, = we seek to impro\e the method and reduce the hazard 
of accidental failure 

METALLURGIC CONSIDERATIONS 

From extended clinical experience it became ob\ lous that the 
vanadium alloy failed m certain lespects There aie many cases m 
nch it IS necessary to remove the metal used for fixation because 

From the Department of Surgerr, College of Plnsicians and Surgeonb, 
ohinibia University, and the Fracture Division of the Presbvtenan Hospital 

Zierold, A A Reaction of Bone to Various Aletals Arch Surg 9 o65 
tbept) 1924 

\ "a F> and Liebcrman, B A Inter''ction of Bone and \ irious Metals 
snidium and Rustless Steel Arch Surg 32 990 (June) 19i6 

Inrnv, C R Primarv Operative Reduction of Fractures oi Long Bone'! 

Method of Choice An Evaluation of Principles read oefore the Scctioi on 
‘ '"ivdtc Surgerv of the Mnencan Medical Association St Louis Xfav 10 lOlO 

1'^ be published 
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ot CMdence of local irritation, pain and absoiption of bone around the 
metal At remo\ al thei e ai e corrosion of the plate or screws, unhealthy 
tissue gianulation and e^en exudate, which, when examined by the 
usual bactei lologic methods, pioves to be steiile This is apart from 
the cases in which there is failure of internal fixation or of the plates 
or screws In fact, susceptibility to coirosion has been used to explain 
the breaking of the metal 

Xoi IS this all Those wdio champion the operative method have had 
to deal as well with an old prejudice — a prejudice w'hich may have con- 
siderable foundation but w Inch, wuth the use of better methods, surgeons 
may outgrow' In this service it is considered good surgery to place 
toreign bodies m tissue or CACn m compound w'ounds if it contributes 
to fixation of fractuies and therefore i educes spread of infection 
(Darrach^) Howerei, this departuie from an accepted method is not 
eas) to defend Experience shows that vanadium alloy is frequently 
unable to withstand the oxidizing, i educing and electrolytic® influence 
ot tissue juices Particularly is this true in cases of compound fractures 
which have gone on to infection However, infection is not the impor 
tant tactor, because absorption of bone and the other changes previotisl) 
mentioned can take place m a perfectly clean w'ound 

The blame for its shortcomings cannot be placed on the vanadium 
alloj An impoitant factor has been that, though the preparation is 
standardized, the qualit'^ of the plates put on the market cannot be con 
ti oiled This w'as proved conclusively when plates of various ongms 

were tested for resistance to minute vibratoiy stresses not surpassing 
the elastic limits of the steel ® Many plates subjected to 3,000,000 to 
5,000 000 Mbrations appealed in crude test to be just as tough afterw^r 
as before, whereas others became so brittle that they could be snap? ^ 
by hand This W'as not true of the high chromium, low nickel a 
plates similarly tested In fact, they seemed less ductile but toug 
(i e to crude twisting and bending deformations) and yet not ri 

These defects ha^e been mrestigated by' others, and some o 
causes ha\ e been attributed by ilartin " to several sources 

The failure of bone plates and screws can be traced to methods of ^ of 

that are not in compliance with the Commercial Standards CS37-3I, 

Standards U S Department of Commerce The methods emplojc 

4 Darrach, Treatment of Compound Fractuies, Surg Gincc 

66 SI 5 1938 

a Venable C S Stuck W G and Beach, A The Effects on Bo 
Presence ot Metals Eased on Electro!' sis, Ann Surg 105 917, 19-i ^ 

6 Eiilton J F Muscular Contractions and RefleN Control Mo'cm 
I’ore \\ illiams &. \\ ilkin<: Compan', 1926 

7 Martin D T Personal communication to the author 
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that both the bone plates and the screws weie of unsound design fiom an engineei- 
ing point of view Sharp corneis at the bottom of the screw holes in the \arious 
plates proMded sections subject to enormous stress concentration, from which 
failure invariably started Excessive depths of the centering holes in the screw 
heads produced sections of extieme weakness wdien the centering holes entered 
the threaded sections of the sciew's Failuie of screws occurred in these sections 
In addition to the mechanical faults noted above it is felt that the hardness 
and chemical composition set forth in CS37-31 are not the most desiiable foi 
the purpose It would seem tint ceitainly a softer material, and, peihaps, 

even one of different chemical composition, would better ser\e the p'urpose of 
these parts 


Cases have been obseived in this clinic in tvhich the vanadium steel 
plate was broken postopeiatively and aftei bony union had taken place 
That IS, the length of time duiing which the plate was in the body did 
not seem to be a decisive factoi In othei words, it may be doubted 
that the break took place as a result of piolonged electiolytic coriosion 
Ob on the other hand, because of fatigue failure The most likelj 
explanation involves both factors and adds that the plates were essen- 
tially defective as a result of the manufactuiing piocess The following 
illustrative data were culled from the opeiative recoids 


Patient D R , fracture of the shaft of the tibia, broken plate discoiered on 
the first postoperative dai , while the fracture was m suspension 

Patient M D , fracture of the radius , broken plate discovered eight da\ s after 
the operation, with the fracture in a “sugar-tong” splint 

Patient S S , compound fracture of the femoral shaft broken plate discoiered 
twenty days after the operation, with the fracture m suspension 

Patient M S , fracture of the femoral shaft , broken plate discovered tw'enti - 
two days after the operation, with the fractm e in suspension 

Patient T D , fracture of the radius and ulna, broken plate dIsco^eIed fiie 
weeks after the operation, with the fracture in a “sugar-tong” splint (plate used 
on the radius only) 


Patient M P , fracture of the femur, broken plate disco\ered slxt^-two da\s 
^ ter the operation, while the patient wms moving the leg in a brace 

Patient C S , fracture of the femur, broken plate discorered thirteen da\s 
ter the operation, with the fracture in a tubular plaster splint 


REASON’S FOR THE USE OF HIGH CHROMIEAI, 

LOW NICKEL STEEL 

In choice of materials foi experimental and clinical use im associates 
and I were guided chiefly by the work of Zierold, who reported the 
adxcrse influence of ceitain metals, including nickel on bone healing 
R't cited the relativeh inert nature of stellite This woik was extended 
' lones and Liebeinian, who considered not onh the relation ol the 
material to the tissues but that of the tissue iiiices to the inaternl Since 
I 'at tune the adaent of high chromium low nickel steel on the com- 
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meicial market at a i datively low cost and the inciease in knowledge of 
handling the mateiial have recommended it foi use Unlike ranadium, 
the American product is easily available, and its composition and prepa- 
lation aie subject to careful contiol 

The mateiial used r\as pioduced by the Ciucible Steel Company of 
•\meiica and fell into the Rezistal KA2 and FM188 groups These are 
trade designations foi the austenitic gioup of alloys recommended® for 
their pioperties of lesistance to coiiosion 

Chemical Composition — The composition of the alloy in percentage, 
accoiding to a bulletin of the Ciucilile Steel Compan)", is as follows 


Chromium 

Nickel 

Carbon 

Phosphorus 

Sulfur 

Moljbdenum and selenium 


17-19 
8-9 5 

0 7 maMmum 

0 1 ma-vimuni 
015 maMmum 
optional 


Pliwhal Piopcitics — As lepoited m the Ciucible Steel Company 
catalog, some of the plnsical piopeities of the alloy are 

85.000 to 95,000 

30.000 to 40,000 
55 to 60^0 


Tensile stiength 
^leld point 
Elongation m 2" 

Reduction of area 
Brinell 
Charpj 

Thermal conductnitv (giam calories per cubic centi- 
meter, per second, per degree Centigrade) 

Specific giaMtr 
Specific heat 

Melting point (deg F ) ' 

Specific electrical resistance (microhms per cubic centimeter) 

20 deg C 
lOO deg C 
503 deg C 
800 deg C 

Coefficient oi linear expansion (per degiee Centigiade) 

0 to 100 C 
0 to 600 C 
0 to 1,000 C 

Modulus of elasticitj 28,000 000 to 

There are seteral conditions in the manufacture and 
the steel vhich hate important bearing on its behavior Cold ito 

8 Bergen, L S Personal communication to the author 


65 to 75(70 
130 to 170 
100 

0 052 
794 
0118 
2,550 
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111 
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markedl)f increases the “Biinell,” oi relative haidness, and makes the 
metal less ductile This has also some i elation to the contour of the 
gram and distinctly i educes lesistance to coirosion Cutting, drilling, 
milling and threading must be done AMth lapped tools with a smooth, 
sharp cutting edge and with adequate clearance to minimize the “teai- 
mg” which can occur in the soft state The final surfacing of the steel 
IS extremely impoitant It should be pohsbed and buffed with a non- 
terrous material and afterward passu ated by immersion in 20 pei cent 
nitric acid at 65 C for a half houi to give, theoietically, a molecular 
chromic oxide coating Gieat care should be exeicised to remove what- 
ever fragments or microscopic giains of non oi steel may be left in the 
surface as a result of machining 

These processes are carried out to i educe to the minimum foci for 
eIectrol 3 'tic corrosion If pi operly handled, the material should be prac- 
tically noncoiioding even m the piesence of infection and electrolytically 
meit m tissue fluids It should harm a fan degiee of ductilit), which 
makes it possible to form it to the contoui of the bone Although its 
tensile strength is not so great as that of the vanadium alloy, it is ade- 
quate to the needs, and in expeiimental wmrk and clinical surgical 
application by other members of the staff as well as bv myself in 98 
consecutive cases I have yet to discoiei failure because of the metal 
Itself In clinical use I have found that the presence of the steel, even 
'u compound wounds in wdiich the metal is exposed to the external 
atmosphere, does not inhibit osseous repair In fact, if the devices 
(plates or screw's) aie not too supeificiallv placed, gianulation tissue 
'"11 covei them, and it is possible to pinch giaft legions of loss ot soft 
parts and skin 


USE or THE FIXATIVE APPAK'^TES 

The scope of this papei does not coier the impoitance of organiza- 
tion of a fracture service ^ in the successful treatment of fractures and 
a^es for gi anted the use of a meticulous nontouch surgical technic But 
icre are many details in the application of technic which beai directly 
uii the effectneness of a method 

The first condition for successful use of the opeiatne method is 
adequate surgical exposuie It may be added that although exposure 
IS relativeh simple in the supeificial tibia and ulna it is better to place 

plate and screws deep in soft tissue rather than near the skin In 
'Compound fractuies it mav be expedient to depart from this rule, but 
1 such a departure secondare lemoeal ot the dee ice used for interna! 
"ation IS fiequentle necessaie 

'' ith good exposure the second rccessare condition nne be more 
oasil\ accomplished i e , anatomic reduction This implies thorough 
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stuch oi the loentgenogianib before opeiation and fannliant}^ with the 
use of bone-holding foiceps But reduction is not enough That the 
llurd condition ma} be fulfilled, holding the leduction during fixation is 
a pnine lequisite This must be done with a minimum of periosteal 
stiipping If the peiiosteum is stiipped oi extensivel} tom, it should be 
leinoied in pait to eliminate it as a potential barriei to i evascularization 
ot the coitica! bone 

Iht most impoitant condition to be fulfilled is adequate rigid internal 
fixation This is not alua3S easy The piesence of multiple fragments 
mat make mteinal fixation veiy difficult and sometimes impossible 
Howcter, m a usual case the following points should be borne in niiiid 

1 The plate must be toimed to fit the contour of the bone bt gentle use ol 
small bending irons 

2 The plate should be held to make possible the accurate placement of drill 
holes, these being vertical to the long axis of the bone 

3 The drill used should be the size used in machine practice, the thread tap 
being fitted to the proper screw 

4 The hole must be bored with a sharp drill with good clearance and in true 
line to a\oid reaming the hole and making it large for the cutting screw, 
thus producing a “sloppj” fit 

5 The self-tapping screw when driven must be m the exact line of the drill 
hole to engage the opposite cortex when that is sought 

6 W hen all the screw s are in place, they should be “snugged up” firmh but 
not roughly to take out all play between the bone and the plate and plaf^ 
and the screws Stripping of the thiead m the bone, how’eter, should e 
avoided 

7 The screws must be so placed as to a\oid injuring the thread against the 
plate 

8 The plate must be long enough to clear the fracture site and in proportion 
to the length of the fiacture and of the bone 

9 It IS of the utmost importance to place one or moie separate oblique 
crossing the fracture and rertical to the seiews fastening the plate to a 
up the torque sti esses iniariably present 

10 When possible, it is wise to engage both cortices Particularh is this 
in the presence of a deep-hing loose fragment 


TlbSOE REXCTIOK 

Obsenations were made of the leaction of tissues to tbs tna 
under discussion 

MATERIAL AKD METHOD 

Alature dogs were used for observation of the behavior of high 
low nickel steel in living tissue It seemed unnecessan to repeat the \ 
Jones and Lieberman in the in vitro experiments The use of screws no 


iterial 
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any stress of function appeared too limited in application Accordingly, small 
screws and plates w-ere made and put into dogs just as m the clinical operative 
treatment of fractures At opeiation one of the long bones to be plated was 
fractured with a chisel or a bone-cutting forceps or both The fracture was 
reduced and fastened with four sciew plates, such as are now used to repair 
small bones of the forearm or metacarpal bones The screws were self tapping, 
vith a sharp cutting edge (figs 1 B and 6) A special screwdriver giving rigid 
control of the screw m rotation and long axis (fig 1 A) and a modified nontouch 
technic were used throughout 

The plates and screws were fabricated (fig 2) by the special methods employed 
or t IS type of metal After fabrication they were carefully cleansed in soap 



ocpa'^ ^rner designed and perfected bj !Mr Joseph Beckei, of the 

pharmacolog>. College of Plwsicians and Surgeons, Columbia 
sanic'^'l^'^^ ' ^ l^nurled head drnen home and used as an ordlnar^ drncr B 

ri'er with the screw in position and gripped 


anti 


niitiutes^**^'^' ether The\ were desiccated m an o\en for twehc 

min, one-half hour at 112 C and o\cr calcium chloride for twent\-fi\e 

r^Ood were killed at different periods up to two ^e^rs The shortest 

first a "fi'ch the metal remained in place was two da\s This was in the 
was operated on soon alter arnral irom out ot town It died 
’'°‘°Poratne,j of bronchopneumonia 
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’5 3 A, preoperatne film of a compound fracture of the right tibia B, 
Pt'Ojection C, roentgenogram taken on the first postoperatue dar, with 
^ 6 fracture m suspension D and E show appearance nine months after operation 



illustrate the u^e ot the metal m iracturca metacarpal bore^ 
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The animal died earlj in the morning of December 4 Extensive consolidation of 
the right lung and some consolidation of the upper lobe of the left were noted 
There was a film of coagulum over the plate and screws in the right radius 
The following data were recorded 


No 10 plate 


No 1 sciew 


No 6 screw 


No 7 screw 


No 9 sciew 


1 1897 Gm at operation 
1 1891 Gm at removal 

0 0006 Gm loss 
0 06 per cent loss 

0 2903 Gm at operation 
0 2895 Gm at removal 

0 0008 Gm loss 
0 2 per cent loss 

0 4876 Gm at operation 
0 4876 Gm at removal 

0 0000 Gm loss 
0 00 per cent loss 

0 4556 Gm at operation 
0 4554 Gm at removal 

0 0002 Gm loss 
0 004 per cent loss 

0 2904 Gm at operation 
0 2898 Gm at removal 

0 0006 Gm loss 
0 2 per cent loss 


PROTOCOL ON AN ANIMAL KILLED AT FORTY-NINE DAYS 

Dog 13 — A dark spotted hound weighing 16 5 Kg was used Osteotomy o 
the right radius was performed, with application of a plate and screws, on Dec > 
1936 The usual aseptic technic was employed Ether anesthesia was induce > 
the open method The anterolateral approach was used Rigid 
obtained by means of a plate (no 10) and foui screws (nos 1, 7, 6 and 9) 
appliances were from a new batch 

On December 21 the leg bore weight The dog was lively There 
redness about the wound 

On Feb 3, 1937, the dog ran well, with good use of the foot RoentgenOo 
were taken, and the dog was killed The proximal two screws w'cre c^ 
with dense fibrous tissue which separated easily from the plate [jonc- 

Oi the plate and the distal screw’s were almost completely covered with ens ^ 

In the groo\e of the head of the most distal screw (no 9), bony 
present, all screws were remo^ed with difnculty The screws and plate ‘P ^ 
smooth and shining, there was no evidence of corrosion The tissue a 
plate was pinkish white The fracture line was well healed and slig’ 
than the tissue nearby 
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No (\ <ciL\\ 


No 7 ■;crc\\ 

No 9 '•crcu 
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0 4o97 C>ni nt icnio\nI 

0 0002 Gill pniii 
004 per cent f, iiii 

0 447.'' (>iii It opcintion 

1 of wciplit HI reiiio\il not 
U'tll 

(i27oS Gill nt operntion 
0 2771 Gni nt icniotnl 

0 0003 Gin lo«s 
0 1 per cent gain 


PROTOCOL 0^ A^ AMMAL KILLLO \1 OM lltNDRLD A^D 
MNLTT-SIX DWS 

Does — A mixed ‘collie niongicl” bitch weighing 15 3 Kg wns used Ostcotoni\ 
0 the right tibia was done, witli application of n pi itc and screws, on Jan 6, 1937 
t>3p, water, alcohol, ether and iodine were used in piepnrntion Ether anesthesia 
"as induced b\ the open method The anterolateral approach to the light tibia 
was used Ostcotonu was done at the junction of the upper and the middle 
w The periosteum was stiipped The fractuie was reduced and fixed with 
^ P ate (no 10) and four screws (nos 1, 7, 9 and 6) 

(t January 7 there was some edema of the leg and paw There was a sug- 
geshve cough The dog was friendly 

Un January 8 the dog was m good spuits and ale well Afore edema was 
s^ved The wound was clean 

d(^ " 21 the dog was killed The no 9 screw w'as remoied with great 

' culty It \\as injured, with loss of weight The no 6 screw was so well 
in that the tip broke 

The following data were recorded 


No 10 plate 


2 5458 Gm at operation 
2 5445 Gm at remoial 


0 0013 Gm loss 
0 2 per cent loss 



Fig 6 


-Section of the broken screw tip (no 6 scre^v)^ in 5 cre\' *'P 


A w — wicv-iiuii ui Ulc uruKcn bc-icw 5Crc\» 

da\s The photograph is a magnification appro\imatel> SO times ^ granula'” 
embedded in bone tissue Note that one half of the metal s ,nto t^' 


eiiiucuueu in Done tissue JNote that one nan oi me e^alcd m*' 

surface, the other half is co\ered b\ bone substance, 
recess which bounds the sharp self-tapping threads The poo gpon i 
taken with combined transmitted and reflected light Hematoxi m 


w-a' 

stain 
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F.g 7-\nothtr .crcu liolc (‘;n..c uiinul m figure 6) ^liow.ng the survnal 
01 bone tissue in the grocnes of the screw tiireids \pproMnntc nngnification, 
X 12 Hciiito\slm and cosin stain 


, ''I,' 'I ^ ‘ 


^ » l: ' ' ' ‘ r- 

’"y"*' “r* * ’ 


?~rJ y y 


L If w y y 

F>g 8 -Section of a dog’s radius in the long axis of the screw hole Note the 
which represent bone tissue of the thread approNimatin^^ 

'proximate magnification, X SO Hematoxylin and eosin stain 
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No 9 screw 


No 7 screw 


No 1 screw 


No 6 sciew 


0 4824 Gm at operation 
0 4807 Gm at removal 

0 0017 Gm loss of weight, not 
not counted , screw injured 
0 3 per cent loss of weight 

0 4776 Gm at operation 
0 4771 Gm at remoial 

0 0005 Gm loss 
0 1 per cent loss 

0 4795 Gm at operation 
0 4792 Gm at remoial 

0 0003 Gm loss 
0 06 per cent loss 

0 4902 Gm at operation, broken 
at remo\ al , used for section 


PROTOCOL ON AN ANI3SIAL KILLED AT THREE HUNDRED 
AND SIXTY-SIX DAYS 

Dog 14 — A black and white spotted hound weighing 17 4 Kg was used After 
the usual preparation, osteotomy of the right radius was done, with application o 
a plate and screws, on Dec 3, 1936 With the dog under ether anesthesia m nee 
by the open method the right radius was exposed through a muscle-separa 
anterolateral approach Towels weie held on the skin with clips The 
was stripped, and a fracture was made with a large osteotome A no 
was used for the screw holes A no 11 plate (four holes) and foui 
(nos 2, 4, 5 and 3) were used The no 2 screw and the no 3 screw' ^ 
one cortex only , the no 4 screw and the no 5 sci ew' engaged both cortices 
fixation in good position was obtained The w'ound was closed in three 
On December 5 the animal was lively There W'as not much edema 
did not use the paw 

On December 9 there was no weight bearing 
On December 16 the leg bore weight and the wound was healed 
On December 21 the dog W’as in excellent condition 
On December 4, 1937, the animal was killed The skin was healed , the 
planes were healed The plate and screws weie covered with a t in, 
membrane, through which the plate shone 


The following data were lecorded 
No 2 screw 


Short ^en difficult to rernoi 
^la^ haie lost substance 

val 


process of remo'v£ 


e, 

in 


0 2971 Gm at operation 
02960 Gm at remoial 


0 0011 Gm loss 
0 3 per cent loss 



HbniLk—on.Riiiii, ]i\ino\ oi iruiiris ssi 

\o > crnu Slioit , clifiiLtilt to uiiio\c 

0 1021 Gill it opt,! ition 
I) lOI I Gm Tt iciiiov il 

0 0007 Gin 

0 2 ptr cent lo''S 

Xo •! ecrew I one , iinpiimed on iilin , ctsi to 

itnin\c, frnbic ti'isiic bcncTtli 
pi lie It scicw ‘iitc 
0-1075 Gm nt opcntion 
(I -1070 Gin nt reinonl 

0 0005 Gill lois 
0 1 pci cent lois 

Xo 5 ccieu Lontf, niodcntch diflicult to 

rcmoic 

0-1773 Gm it opcntion 
0-1765 Gm nt removal 

0 0008 Gm loss 
0 1 per cent loss 

PROTOCOL OV AX AXIAt \L KILLl D AT 1 W 0 'V L \RS VXD 

OXE MONTH 

Doe 12 — A brown and white spotted hound bitch weighing 10 6 Kg was used 
On Dee 9, 1936, ostcotomv of the right radius was done, with application of a 
^ screws The 1 itcral approach was dcv'clopcd to the proMnial and middle 

third of the right radius Towels were used on the skin The periosteum w-as 
stripped with a blunt elevator, and the fractuic made with a bone-cutting forceps 
2nd an osteotome The fracture was reduced and held A no 41 drill w'as used for 
n Es A screw plate and four screw's were used for fixation, which was fairly rigid 
le incision was closed in the muscular and aponeurotic planes vv'ith interrupted 
sutures The skin was closed as well 

On December 16 the leg bore weight The wound was healing There was 
'ery little edema 

On Jan 21, 1937, the w'ouiid was healed The leg bore weight Theie was no 
edema 

On June 25 there was periodic development of a sinus at the upper limit of the 
ear, with reheahng The plate was palpable The animal w'as activ'e The leg 
bore full weight 

^ On June 2, 1938 it was noted the sinus occasional!} still reopened The animal 
lo^^ ^ btter of pups The plate was palpable The upper end of the plate w'as 
ose Rotation of the leg was painless 

^On Jan 9, 1939 the animal was killed Pronation and supination of the injured 
Were equal to those observed on the other side There was no frank exudate 
00 sinus did not go to the plate The plate was loose at the upper end The 
proximal three screws were removed with ease The distal screw was fairh firm 
’0 plate and screws were completely cerv'ered with a fibrous envelope 
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The following data were noted 
No 11 plate 


No 1 screw 


No 6 screw 


No 7 screw 


No 9 screw 


1 1891 Gni at operation 
1 1870 Gm at removal 

0 0021 Gm loss 
0 1 per cent loss 

0 2895 Gm at operation 
02890 Gm at removal 

0 0005 Gm loss 

0 1 per cent loss 

0 4876 Gm at operation 
0 4869 Gm at removal 

0 0007 Gm loss 

0 1 per cent loss 

04554 Gm at operation 
0 4547 Gm at removal 

0 0007 Gm loss 

0 1 per cent loss 

0 2898 Gm at operation 
0 2890 Gm at removal 

0 0008 Gm loss 
0 2 per cent loss 


OBSERVATIONS ON THE CLINICAL USE OF HIGH CHROMIUM, 
LOW NICKEL STEEL 

The lack of evidence of electrolytic corrosion or loss of 
screws and plates in animals encouraged its use clinically ^ 

100 patients have been treated since the fall of 1936 with 
fixation This was done by various members of the staff of gre 

service Forty-two cases observed in 1937 and 53 observed m 
considered here, not to evaluate them clinically or for end resu ts 
extend observations on the use of the particular metal m question 
In 1937, 41 fractures were treated with fixation by t^"*® 
chromium, low nickel steel plates and screws Of these, 
humeral, 11 tibial, 8 femoral, 6 ulnar, 3 combined tibial an 
w ith separation of the mortise, 2 radial and 1 acetabular 
Of the 41 cases, plates and screws were removed m 12 
6 compound injuries from which the plates and screws £i-ac- 

Four were fractures of the elbow with superficial plates, 1 R 
ture with a superficial plate and a persisting sinus and 1 ^ and 

fracture of the femur in w Inch fixation was insecure and t le 



libD ICK—Ol'jJm !J L Jl\IJJ(h\ 01 IRICIIRLS 


SS3 


screws were ca''i!\ ntcc^sihle Ot the (i ek in fiactnies iioni which the 
steel was icmoetd ii\ation \\ le in^ceiiit in ) fkie ca^-c ma} be 
excluded on the lnei^ that i wire ot (h^'-iinil u eoinpnsition had to 
be used to secuie tin coronoid pioeces in a eonijdicatcd fiaeture of the 
elbow From onK I en the fiaetuus opeiatcd on not comiioundccl and 
adequatcli fixe'd was tile fixatue appaialiis icinrncd Jins was a fiac- 
ture ot the inicklntt ot tiu leimn, iraetnud '•ix months bcfoie and 


treated noiiopcratn el \ ekewheie 1 he fe'nnn was fixed on ^\ug 14, 
1937 Fne months alter ojiei ition and oiu month altei discaidmg the 
^alking brace the patient noticed a mild ache at the site of opeiation 
e\en months altci operation a "tilmc was expelled at the lower limit 
^iiHis persisted, and tlic plate was remoeed on June 20, 
Culture 01 material fiom the smtis showed Stapln lococciis albus 
' t operation the tissue at the lowermost screw showed a biowmish black 
granular discoloration 'J he cultmc was stciilc and the operative site 
> not connect with the sinus tract 

In the 53 cases with 57 bones treated operatnely m 193S and con- 
si ered here, there occuired 11 fractures of the humerus, 12 of the 
1^, 6 of the ulna, 10 ot the radiii'^, 5 of both the tibia and the fibula 
"k separation ot the mortise, 5 of the metacarpal bones, 1 of the 
P aangcal bones and 7 of the femm Six w’eie compounded wounds 
rom 2 of the last-mentioned fractures the plates and screw's were 
remmed after bon} union because of persisting sinuses One was a 
which tile plate had been superficially placed for 
*<^ncy The other was a femoial fractuie operated on ten days 
treated elsewhere with debridement and closure of the 
'in Both progressed to bony union, although a sequestrectomy was 
femoral fiaeture w'ound healed The 4 compound 
^ ures from which the steel w'as not removed but which healed were 
injuries, 1 tibial fracture and 1 metacarpal fracture 
rem ^ clean fractures from which the plates and screws were 

(2 ^ insecure fixation with partial pulling out of screws 

ture^t^e^^/ ^ ulnar fracture) From 1 metacarpal frac- 

Painf screw's were lemoved incidentally to the removal of a 

clean\b^\^^ bone which persisted after the fiaeture had healed Two 
b>-ation from which the plates weie removed, though the 

been t'^ secure, show'ed clinical evidence of iiritation Both had 
'he platT^^^ niaterials w'hich were not properly prepared That is, 
''on h ? screws had not been buflfed and passivated, because produc- 
^ of these from a handicraft basis to machine production From 

tion pfnte and screws were removed five months after opera- 

CMdence^f^^^ months after operation There was definite 

o tissue irntation Foci of corrosion were found along the 
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thread giooves of the screws or in the shank of the screw, where the 
finishing turn of the threading tool had left a small recess in which 
foreign materials collected The only plate that showed corrosion was 
one in which the corroding screw shank was in contact with the screw 
hole Some corrosion also occurred in screws which were driven oft 
center, the threads being partially stripped against the plate hole 
In recapitulation of the clinical use of high chromium, low nickel 
steel, the following data may be noted Of the 98 bones operated on 
and fixed internally, removal of the fixative device was attributable to 
the steel itself m 3 In all 3 the material had been improperly prepared 
With the 21 other bones from which the steel was removed either for 
lack of rigid fixation or in the presence of a compound wound or infec- 
tion, corrosion was a negligible factor in removal 

It is interesting that in 1937, except for 2 tibial fractures in patients 
who died of othei injuries, the fixation matenal was removed eventuallj 
from all compound injuries, i e, in 6 Of the 6 compound fractures 
observed in 1938, the wounds healed over the plates and screws in 4 

SUMMARY 

A high chiomium, low nickel stainless steel alloy has been used 
experimentally in dogs and clinically for internal fixation of fractures 
Certain adverse factors found in its use are discussed 
Some technically primary requisites are stressed 

CONCLUSION 

When certain requirements are fulfilled, a high chiomium, low mckd 
alloy is an adequate material physically, metallurgically and chnica y 
for internal fixation of fractures 
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TI\N 

Transposition ot Msccra has been rccogni7Ccl since the da}S of 
Aristotle (^\Ilo recorded obscr\ations on 2 instances of transposed oigans 
in animals), but it ^\as not until 1600 A D tliat habiicius described a 
3 case of re\erscd Iner and spleen in the human being * Pctiius Servius 
recorded a case ot transposition of the Msccia m 1615," and Kuchen- 
ineister (1824) first lecogni/cd the condition in a luing person Sub- 
sequent to this clinical pioneering, spoiadic cases were reported through- 
out the literatuie, but the true incidence ■v\as not appreciated until the 
niodern era began, in 1897, \\ith ^'chscmeyer’s ^ demonstration of trans- 
position b} means of the loentgcn lajs This mode of examination has 
made confirmation of the anomaly i datively simple, and the incidence 
of reported cases has increased accordingly Cleveland,^ in 1926, found 
approximately 400 cases of transposition in the literature, and Larson = 
estimated that there have been 75 cases reported since that time 

There is considerable variation in the frequency of this anomaly as 
^'cported by difterent authors Thus, Sherk ~ reported 10 instances in 
347,000 registrations at the Mayo Clinic in the preceding twelve year 
period Lewald “ observed the condition 29 times in roentgen examina- 
tions of the chests and gastrointestinal tracts of 40,000 patients Cleve- 

From the Department of Surgery of Vanderbilt Unnersity 

1 Lineback, PE An Extraordinary Case of Situs Inversus Viscerum 
Totalis, J A M A 75 1775 (Dec 25) 1920 

2 Sherk, H H Total Transposition of Viscera, Surg , Gynec & Obst 
35 S3, 1922 

3 Vehsemeyer Em Fall von congenitaler Detiokardie, zugleich ein Beitrag 

Verwerthung der Rontgenstrahlen in Gebiete der inneren Aledizin, Deutsc e 

Wchnschr 23 180, 1897 

4 Cleveland, M Situs Inversus Viscerum Anatomic Study, Arch Surg 
“ 342 (Sept ) 1926 

5 Larson, C P Situs Inversus with Other Congenital Anomalies, Canad M 
A J 39 474, 1938 

6 Lewald, L T Complete Transposition of Viscera, J A M A 84 261 
(Jan 24) 1925 
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land^ reported observing 1 example in 10,000 routine dissections, and 
Rosier ^ recorded 3 observed in 22,402 autopsies Adams and Church- 
ill ® stated that situs inversus was diagnosed in the cases of 23 of a 
total of 232,112 patients admitted to the Massachusetts General Hospital, 
an incidence of 0 002 per cent of the hospital population Balfour ® wrote 
that 51 cases of situs inversus have been encountered at the Mayo 
Clinic over a period of twenty-one years Cockayne stated the ratio 
of males to females with complete transposition to be 32 27 and added 
that the condition has been reported as occuri mg in all races except the 
Australoid 


NATURE OF TRANSPOSITION OF THE VISCERA 

Transposition of viscera may be either partial or complete The com- 
plete foim has often been thought of as a mirror image of the normal, 
left handedness, position of the testes, etc , being used as criteria 
Cockayne’s study, however, shows no greater incidence of left hand- 
edness in patients with situs inversus than in normal persons, and so it 
cannot be assumed that the central nervous system, or at least that por- 
tion concerned with the determination of manual dexterity, shares m the 
transposition Actually, the condition is best thought of as an abnormal 
(simstral) rotation of the thoracoabdominal viscera resulting m a 
reversal of the normal relations For example, in complete trans- 
position the anatomic arrangements are briefly as follows ■* The heart 
lies to the right of the midline, and its chambers are reversed, the apev 
being the right ventricle, from which arises the aorta The aoita arches 
toward the right, giving off the innominate artery (which subsequent!} 
divides into the left common carotid artery and the subclavian artery) > 
the right common carotid artery and the right subclavian artery 
great veins empty into the left atrium, whence the blood passes i^to 
the left ventricle, the pulmonary arteries, the pulmonary capillary be i 
the pulmonary veins and the right atrium, respectively The thoracic 
duct lies to the right and empties into the right subclavian vein nwr 
its junction with the internal jugular vein The lungs are structura } 
reversed, the right being bilobed and the left trilobed Intra-abdomina y^ 
the cardia lies to the right of the midline and the lesser 
extends toward the left The spleen is on the right, and the gall ^ 
and liver (with reversal of the normal lobular arrangement o 

7 Rosier, H Beitrage zur Lehre von den angeborenen Herzfehlern, 6 
angeborene isolierte Rechtslager des Herzens, Wien Arch f mn A c 

cta'i , 

8 Adams, R, and Churchill, E D Situs Inversus, Sinusitis, Bronchie 
J Thoracic Surg 7 206, 1937 

9 Balfour, D C Personal communication to the authors, 19 

10 Cockajne, E H Genetics of Transposition of the Viscera, Quar 
7 479, 1937 
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latter), on the left 1 lie entire intc'^tim! tincl is i excised, \Mih tlie cecum 
and appendix on the Ictl md the sigmoid flcMiic ot the colon in the 
right iliac fossa 

Partial transposition is known to occur in thicc mini foims although 
gradations between the lx pcs aic so common as to make dchmte classi- 
fication difTicult Thus one max haxc partial tiansposition of both 
the thoracic and the abdomiinl oigans, tiansposition afiecting the 
abdominal organs alone or dcxliocaidia alone In the last-mentioned 
condition the normal chamlieis of the hcait aic i excised as is the 
location of the organ 

The relation bet xx ecu the xaiioiis foims of partial tiansposition and 
total transposition is impcrfccllx undci stood, although in manx' of the 
reported eases thcic xxcrc giadations toxxard the complete xxhich xxould 
make one suspect that the difici cnees are moie appaient than real 
That is, all ot the changes ma) be the result of the same tundamental 
process, the chief diftercncc being one of dcgicc 

ORIGIN 

The nature of situs inxcisus has aroused the cuiiosity of medical 
inx'cstigators since the time of its original description, and speculations 
3s to Its origin haxe run the gamut of medical imagination, from the 
supernatural xnexxs of Aristotle, xxdio considered it a xnsitation fiom 
the gods,^^ to the more elaborate embiyologic explanations of lecent 
years Many of the latter have little or no ex'idence to suppoit them, 
Rud chief among these are the hypotheses based on the assumption 
that the location of the xnscera is detei mined by the course of their 
blood supply or by x'ariations in their hemodynamics during the forma- 
tne period We shall attempt to focus our attention on the more 
fundamental of the factual theories 

In general, variations from normal development may be thought of 
arising either from causal elements inherited in the germ plasm 
°r from changes in the environment of the fertilized ovum Studies 
®f the former (the genetics of transposition) have for the most part 
been confined to analyses of the families of persons xvith situs inversus, 
xvhereas study of the “acquired” form has consisted of attempts to 
produce developmental abnormalities through changes in the external 
influences xvhich act on the embryo during its earliest stages Con- 
rmatory evidence has been collected by the advocates of both xuexvs, 
^nd this exudence xvill be briefly presented It should be remembered 
fbat the exponents of the heredity theory have the tremendous advantage 
nf being able to arrive at their conclusions as the result of study of 

Beck, C Case of Transposed Viscera xvith Cholelithiasis Relieved by a 
t-Sided Cholecystostomy, Ann Surg 29 593, 1899 
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the condition in human beings, whereas the supporters of the theor}' 
that the condition is acquired must rely on evidence collected from their 
observation of lower forms Deductions drawn from animal experi- 
mentation aie, as is well known, not always applicable to the human 
being 

For many years the attention of workers has been drawn to the 
not infrequent occurrence of transposition in monsters Since in double 
monsteis one often exhibits complete or partial transposition, it has 
been suggested that situs inversus represents monozygotic twinning 
with absorption of the normal fetus If tins were the true mechanism, 
one would expect to find many identical twins with reversal of viscera 
Wilder studied this problem, and he found that, although double 
monsters often exhibit many different degrees of visceral transposition, 
duplicate twins have only a few minor integumentary reversals, such as 
mirror imaging” of the fingerprints of particular fingers He con- 
sidered these mirror reversals of normal symmetry as vestigial remains 
of a more generalized transposition in early fetal life Newman found 
leiersal of tegumentary patterns in armadillo quadruplets and expressed 
the belief that the relatively greatei tendency toward reveisal seen m 
these animals (and in monsters) was due to their sepaiation late m 
ontogeny, human identical twins separate eaily 

Spemann and Pressler,^® working separately with Bonibinator 
igneus in the neurula stage, found that by surgically reversing a section 
of the medullary plate together with a portion of the roof of the 
piimitive gut situs inversus could be produced in many instances 

Stockard was able to produce certain deformities by varying the 
environment of Fundulus eggs His work i\as based on the assumption 
that a given species develops at a specific rate, which is probabi) 
dependent on the rate of protoplasmic oxidation in that particular 
species Kxperimentally, this oxidative rate could be varied either b) 
lowering the temperature or by decreasing the supply of aiaiiabk 
0X3>'gen , by thus altering the rate during certain periods v hen there 
vas marked inequality of growth in different parts of the embrjo. 


12 \yilder, H H Duplicate Twins and Double Monsters, Am J Anat 3 
387, 1904 

13 Newman, H H Heredity and Organic Symmetry in Armadillo 
ruplets, Biol Bull 30 173, 1916 , Experimental Studies of ^sj mmetn in 
Starfish, Patina Miniata, ibid 49 111, 1925, Studies of Human Twins, ibid 
283, 1928 

14 Spemann, H Ueber embrionale Transplantation, Verhandl d Gese 
deutsch Naturf u Aertzer, 1906, p 189 

15 Pressler, K Beobachtungen und Versuche uber den normalen und 
Situs Viscerum et Cordis bei Anurenlarven, Arch f Entwcklngsmechn 

32 1, 1911 jj, 

16 Stockard, C R Structure and Developmental Rate, Am J '^uat 
1921 
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almost am l\pc of (kfoiinit} could he piocluccd Ihc I'spc ol inonstci 
produced ^\as dcpciiciciit on the sl.u^c of cinhi}omc dc\tlopmenl at 
^\hIch the inhihilinq; eiunoiiincnt was a])plied and in cjcncial the 
greatest defoimiU dc\ eloped in tlio'^c oignns in which ginwth was most 
rapid at the tune ot inhilntion 

Newman^' studied tlic citects of low leiniiLiatuics on the dc\clop- 
ment ot Patina ininiata lie found that “icing' hcfoic oi duiing caih 
clca^agc resulted in a high incidence ol twins “icing' at the blastula 
stage produced an inciease in the percentage of lai\ae showing leveiscd 
or right-handed s\minclr\ and sinulai cooling at othei developmental 
stages resulted in difleient hut equalh striking icsulls In his opinion, 
rerersal of SMnmetr\ is siinph the specific effect lesiillmg fiom anest 
of growth of the lar\ac at the hlastula stage 

The heredit) thcor\ has heen somewhat sticngthened h} obseivations 
on insects that lotation maj he caused hv a gene Thus, Sumnei and 
Huestis,^' working with a mutant of Diosophila mclanogastei m wdnch 
fhe tip of the abdomen was lotated countei clock wase, found that this 


^'as determined by a leccssne gene in the third chiomosome Other 
im estigators haac found somewhat similai but diffeicnt genes of lota- 
tion in this same species 

Cocka} lie’s comprehensn c study ot a fairly laige number of 
human families show’ed that “complete tiansposition of the visceia 


agrees with what is expected of a raie recessive character m its familial 
incidence and general distribution w'lthin a family, m its occuirence in 
both membeis of a pair of monoz)'gotic twans whose patents are noimal, 
m the high percentage of first cousin inainages that give use to it and, 
insofar as can be determined, in the ratio of affected to noiraal chil- 
dren in fraternities ’’ His analysis revealed that otliei developmental 
abnormalities, such as congenital heart disease, are moie common in 
persons with transposition than among the general population and that 
this liability to defective development is much greatei with partial than 
With total transposition He concluded that complete tiansposition is 
■nherited as a recessive character determined by a single autosomal gene, 
^ud in his opinion partial transposition is piobably determined by the 
same gene The higher incidence of associated anomalies results in 
c classification of this gene wuth the partially lethal group 
Adams and Churchill,® m attempting to correlate these divergent 
ridings, offered the suggestion that there may be two types of person 
With transposition of the viscera the tiue mutant, in whom the ten- 
dency toward transposition is inherited as a recessive character, and 
rnonster, in whom the transposition is the result of exteinal 
rnfluences acting after fertilization The former would be expected to 


to ^“’riner, F B , and Huestis, R R Bilateral Asymmetry and Its Relation 
®rtain Problems of Genetics, Genetics 6 445, 1921 
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the cjbtocele and rectocele were performed The record of this admission con 
tains the first description of pam, which she said she had first experienced sixteen 
years previously, shortly before the delivery of her fifth child This and raanj 
subsequent attacks had consisted of pain in the epigastrium which radiated to 
the right flank Each attack lasted several hours, the pain was severe, but 
morphine was not required Hematuria had never been observed during the attacks 
She stated that in recent years the frequency of the attacks had increased In 
addition, she complained of pain in the lower part of the abdomen, which was 
separate and distinct from that in the upper part She returned to the outpatient 
clinic several months subsequently, stating that she had had difficulty in breathing 
and that she wished to have the goiter removed A nontoxic adenoma of the 
thyroid was removed on June 29 After discharge, she returned to the outpatient 
clinic on a number of occasions because of pain and swelling of her legs and 
obesity On June 15, 1939, she stated that she had had severe abdominal pain 
four davs previously which was similar to that which she had had intermittently 



for sixteen j'^ears The attacks were described as beginning with 
the epigastrium followed by sudden sharp stabbing pains, usually m the rig 
of the epigastrium, with radiation to the light flank and to the back 
were accompanied by severe nausea with eructation of gas and yellowis 
but no frank vomiting Jaundice had never been observed Buttermil an 
potatoes were the only foods which she had noticed as apt to bring on ® 
Intravenous cholecystographic examination showed good concentration o 
and several opaque stones in the gallbladder, which was situated m the e ^ 
quadrant of the abdomen (fig 1) Examination of the intestinal 
barium sulfate meal and a barium sulfate enema revealed no abnortna i 
than transposition - ^,^0 

With the patient under nitrogen monoxide, oxygen and ether 
tracheal), operation was performed on July 13 A small paramedian mc^ 
made, and the muscle w'as retracted laterally Complete transposition o 
abdominal viscera was verified The liver was almost entirely ^ ^ st 
being a thin layer of liver tissue on the right The spleen was locate ju 
the right side of the diaphragm The appendix was m the left owe 
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of the ibdonicn It wt*- icnio\(.tl, m(f tlu '.Itiiiii) \\ le iincrtcd I litre wtie imnv 
■idlic'ions nboiil iht tTlIbhddti wiiitli \\ is slu^litK tniish nnd tout lined stones 
riicrc wns sciinni; oi the li\ti in the iiui iiboi hood oi tlit Ttticlinitnt ol the gill- 
bhddcr \ittr the ndlitsinns ilionl tlic i illbluldii Ind bttn iictd, the organ ins 
reiiioitd from below ii|)wnul the cxstie lUiet and \escels Iiting ligated separateh 
The coinnioii duct wac not dilated \ eigaret ilriin w is inserted, md the incision 
was closed 1 lie g illbladdei coin lined tliiec latliei laige calcium, bilirubin and 
cholesterol stones \ loentgenoi lain (fig 2) was taken of the gallbladder after 
renioxal 

The patient was dischare,ed from the hospital sivteen da\s aftei the opeiation 
She has returned to the outpatient clinic on scecial occasions foi obscreation, and 
there ha\c been no lurther complaints oi pain or indigestion 


COM Ml \ 1 

Reported cases ol lesions of the biliai\ tiact in association with 
situs inversus are few fairh comprelicnsn e stirxcy of the literatuie 
reteals onh 17 reported as such, and m sc\eral of these the diagnosis 
has not been pro\ ed citliei roentgenographicalh' oi at opeiation These 
rases are presented in brief in the accoinpain mg table It will be noted 
that in seaeral cases a slight icteiic tint was lepoited, but unless a 
definite diagnosis of jaundice was made this condition w^as mcoipoiated 
in the table as questionable The lesults of cholecjstogiaphic study 
are atailable, naturallj, only m cases obseivcd since 1924, when the 
method was first introduced by Giaham and Cole 

Only 1 of the 9 patients in whose cases the information was given 
'vas left handed Ten were females, and 7 weie males, the sex of 1 
was not mentioned In 11 of the 16 cases m wdneh the location of 
pain and tenderness was mentioned, the left upper quadrant of the 
abdomen and the back w'ere the major points of maolvement In 2 
instances most of the discomfort w'as on the right side, and m 3 it 
"as m the epigastrium These figures show that the tendency of pain 
to be referred to the right from a viscus transposed to the left is not 
so great with cholecystitis as with appendicitis As has been stated, in 
more than one half of the cases of appendicitis associated with situs 
inversus there are localizing signs indicative of disease m the right 
lower quadrant of the abdomen Our patient is one of only 2 with 
disease of the gallbladder and situs inversus in whom most of the dis- 
comfort was in the right upper quadrant These facts make the anatomic 
^nd pathologic diagnosis of “left-sided” cholecystitis somewhat easier 
than that of “left-sided” appendicitis Furthermore, one is usually 
warranted m allowing a longer period for observation and study of 
patients m whose cases cholecystitis is suspected than of those for whom 
^cute appendicitis is feared 

There is no evidence to indicate that disease of the biliary tract is 
more common in persons with situs inversus than m the general popu- 
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Bililng', r Ttvo IntorestiDg Cases Philadelphia M J 6 670, 1900 


*Mayo, W J , m Keen W W Surgerj Its Principles and Practice, Phihdelphm, W B 
Saunders Company, 1914 vol 3, p 9G9 

Kehr H Liebold, and Nculing Dm Jahren Ballenstein Chirurgie Eenclit uber 312 
Laparotomien am Gallcnsjstem aus den Jahren 19011906, Munich, J F Lehmann, 
lOTS, p 329 


Hupp, P L Malpositions of the Liver Ncn Pork M J 'll 423 1911 


Horn, H W Situs Vi'ccruni Inversus with Gallstones, Pnn Surg C2 424, 1913 


Kelly R E Transposition Pssoented with Gallstones and Hourglass Stomach Ent 
J ourg ft> ISi, 1920 


^ ^ Cholccjstitis in a Patient with Transposition of Viscera 
M J Australia 1 339, 1920 


Duration and 
Nature of 

Patient Symptoms 


Mhito woman 
aged 39 
sevtipata, left 
handed 
White man 
aged 04 
right handed 


Man aged 5o 


Woman, bipara, 
S times preg 
nant right 
banded 


14 years of bead 
ache' andcolidy 
pain in left 
lumbar recto 
5 years of mte, 
mitteat pain 
indigestion ctB 
fever and jaundice 

Mentioned ca'ebut 

gave no hi'toiT 
13 years of Into 
nnttent cobdi 
pain in left 
upper quadrant 
of abdomea 
4 years of late' 
mittent pain 

jaundice and 
lossofwefeht 


White woman 
aged 51, 
quadripara 

M Oman aged 
40 bipara 
right handed 


Man aged 37 
right handed 
right testicle lower 


80 years oldnl' 
aching pais 
Indlge'tioaani 


eructation 
3 years of coIicM 

pains rented in 

ingestion of few 
andreliercdW 


vomiting 
24 hours of 
sev ere pain 


Fnschmann E S Cholelithiasis with Situs Inversus, Bnt M J 2 Sli, 1923 


Woman aged 
43 tnpara 
right handed 


3 months of 1st' 
mittent pato 

with jaundice 


BetlmniR^B^and^Binswangcr^ H F Cholecystitis Associated with Situs Transversus 


Calindez A and Ddno, J M 
cfdn total de viscens Bol 


Smdrome coledociano y periduodenitis en una transposi 
y trab de la Soc de cir de Buenos Aires 14 lOll, 1930 


Coun'clte ^ S Rup^re of Spleen Gunshot Wounds of Abdomen, Transposition of 
Organs Report of Cases Proc Staff Meet , Mayo Clinic, « 504, 1931 


Carmot^P ^Coliques hdpatiques a gauche dans un case d’jnversion visedraie. Pans mdd 


di colecistite probabilmentc caleolosn in soggetto coi 
situs vKccrum inversus totalis, Gior de clin med 1-4 95, 1933 
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lation Although situs inversus is usually perfectly compatible with 
normal health and longevity, theie is some evidence that persons with 
this condition have a higher percentage of congenital abnoimalities The 
findings ot Kartagener and those of Adams and Churchill ® show 
conclusuely that the incidence of bronchiestasis in persons with situs 
inversus is markedly increased The latter authors stated “The inci- 
dence of bionchiectasis in the 23 cases (Massachusetts General Hospital) 
ot situs inversus is 21 7 per cent The incidence of bronchiectasis in 
the hospital population is 0 036 per cent The incidence of situs inversus 
in the hospital population is 0 002 per cent ” One of the 5 patients 
with situs in\eisus obseiwed in the Vanderbilt Hospital in the past 
twehe jears had bionchiectasis 

SUMMARY 

Se\enteen cases of situs imersus and disease of the gallbladder 
ha\e been found in the literature, and an additional case is reported 
The pain ot appendicitis in a person with transposition of the viscera 
IS usually on the right side , the pain of disease of the gallbladder is 
usually on the left As a result of studies on appendicitis, cholecystitis, 
bronchiectasis and other diseases, the status of situs inversus has 
changed from that of an anatomic curiosity to that of a clinically 
impoitant entity Its early recognition is very important in some 
suigical emergencies 

20 Kartagener, M Zur Pathogenese du Bronchiektasien, Beitr z Khn d 
Tuberk 83 489, 1933, 84 73, 1933, 87 331, 1935 
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The creation ot a sigmoido\csical fistula bj a piocess piimaiy in 
either the sigmoid flcMire of the colon oi the ininaiy bladdei is a serious 
complication which fortiinatch confronts the siiigcon only infiequentU 
It engenders so poor a prognosis that the choice of treatment must be 
guided by great caie, for the moitaht\ icsultmg fiom suigical attack is 
extremeh high The pathologic entitA lesponsible foi the formation of 
such an abnormal channel is usualh primary m the sigmoid and but 
rarel} has its oiigin in the bladder Occasionally an inflammatoi}' 


process exteinal to both sites niaj be the responsible agent Parham 
and Huine,^ Sutton- and Kellogg* have each piesented excellent 
classifications of the causes of sigmoidovesical fistula 

•The frequency of communication between the sigmoid flexure of the 
colon and the urinaiy bladder as compared to othei mtestinovesical 
fistulas has gradually inci eased since the earliei i epoi ts Pascal ^ found 
involvement of the sigmoid flexure m 18 pei cent, Albano ® in 45 per 
cent, Sutton in 57 per cent and Kellogg m 63 pei cent of then respective 
Senes In a leview of 385 cases, Paiham and Hume leported that in 
cniy 33 cases (11 per cent) weie sigmoidovesical fistulas observed 
in the 278 patients with enterovesical fistula for whom the location of 
the lesion was stated Higgins ® has reported that the sigmoid flexure 
snd the urinary bladder weie involved 95 times in a total of 406 cases 
of vesicointestinal fistula 


From the Division of Surgery, the Mayo Clinic 

Farham, F W , and Hume, J Vesico-Intestinal Fistulae, Ann Surg 50 
^ai-286 (July) 1909 

■557 ^ Sutton, C D Vesicosigmoidal Fistulae, Surg , Gynec & Obst 32 318- 
•^27 (April) 1921 

1938^ -A. Vesico-Intestinal Fistula, Am J Surg 41 13S-186 (July) 


^ Pascal, cited by Kellogg a 

A , -Albano, G Contribute clinico alio studio delle fistole vescico-intestinali, 
"tal di chir 16 133-172, 1926 

H'Sgins, C C Vesico-Intestinal Fistula, J Urol 36 694-709 (Dec ) 1936 
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Although slight variations due to the causative factoi may be present, 
the general syndiome piesented by patients with sigmoidovesical fistula 
IS essentially constant As a rule, those with diverticulitis state that the 
condition was giadual m onset Repeated attacks of pain in the left 
lower abdominal quadrant, abdominal cramps and left iliac tenderness 
occur because of the divei ticulitis Simultaneously with the last-men- 
tioned symptom, oi perhaps later in the course of events, burning and 
fiequency of mination occur Micturition may occui hourly and may 
be accompanied by a scalding pain eitbei during or at the completion 
of the act Chills and elevations of temperatuie complete the S 3 n- 
drome of sigmoidovesical fistula 

With the establishment of fistula into the bladder, bubbles of gas 
may be passed thiough the uiethra, usually at the end of micturition, 
but the passage of feces does not occur as frequently as does that of 
flatus The fecal content of the uime is conditioned by the state of the 
bowels, for when the}’- are m a constipated state little or no feces will 
be seen However, the onset of fluid stools inci eases the quantity of 
fecal material m the urine In some patients the stait of all their 
difficulty IS marked by a gush of an and feces thiough the urethra 
^Vhen the ordinary flow in such a fistula is reveised and the urine is 
diverted into the bowel, slight laxity of the bowels oi chionic diarrhea 
may lesult 

Symptoms ref ei able to the uiinaiy bladdei alone weie present m 8 
patients with fistula Only after careful examination was the true 
etiologic factor m the colon discoveied Six patients with diverticulitis 
of the sigmoid flexure and 2 with a malignant lesion in the same localit} 
complained only of symptoms associated with cystitis Conversely, an 
occasional patient, like 1 of those with a malignant lesion in the present 
senes, may give no subjective information and have no objective signs 
when a fistula is present, except a little pus or blood in the urine 
communication is discovered only when exploratory laparotomj 
performed 

From the diagnostic standpoint, a history of passage of gas and feces 
through the urethra is pathognomonic Instances have been repor e 
in V Inch an unsuspected opening into the bladder was found on cys 
scopic examination, but this occurs infrequently, and usually a 
historj of difficulty with the bladder is obtained The quantity o 
m the urine laries, and occasionally erythrocytes in small num 
seen on microscopic examination of the urine Gross hematuria is 
less frequently 

C^stoscopic examination, of course, is necessary and 
the diagnosis A fistulous opening, usually on the left side of t ic 
ma\ be \ isualized, but frequently this is not seen, for a mass o 
tion tissue or a depressed necrotic region m the bladder ma% 
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onl} cMdcncc thcic that a fibtuh o\l^ts means ol llic c^sloscope gas 
nia\ be seen to bubble ibiough tlie opening and occasionalh feces ma)’- 
exude When a suspieion exists tint a fistulous tiact is picsent, a lead 
catheter ma\ be passed genth tbiougb the ncciotic icgion and a loent- 
^enogram taken T be slndow cast b\ the ealhclei in i\ then be seen in 
the colon Foicc should not be used, as the possibilit\ of ci eating a 
false passage is a definite menace Castogi uns maa aid the diagnostician 
in that the mediums ma\ outline the tiaet 

^letlulene blue ma\ be injected into eilbei the bladdei oi the lectum 
and Its passage from the coricsponding location awaited W ben a posi- 
tne result is noted conchisiec pi oof of fistula is picsent 

Proctoscopic pioccdurcs, altbongb a aalinble aid in some cases, aie 
not usual!} ot much help in a isuaii/ation of the intestinal opening of the 
tract In most cases the apeiturc is too bigh to be seen, also, the inflam- 
niaton changes in the bowel ma\ obseare the piiinai\ opening PIow- 
G'er b\ diiect obscnation and perhaps a biops) of material from the 
lesion, the proctoscopist main tunes can make a decision as to the 
etiologic agent 

Likewise, b\ indirect obscr\alion, the loentgcnologist may state the 
correct nature of the lesion He may also sec the tract, outlined by 
barium sulfate, leading from the sigmoid flexuic to the uiinarj bladdei 
Pneumaturia, although helpful in the diagnosis of fistula, is not 
pathognomonic Ihe etiology of pncumatuiia has been fully discussed 
by Kell} and MacCallum," Ilinman® and Riley and Bragdon ” Intio- 
duction of air into the bladdei during cathetei iration oi therapeutic 
procedures will result in its passage later, and this should be clearly 
distinguished from true pneuinatuiia Gas enteiing the bladder from 
^be intestinal tract is a second etiologic agent Also to be demaicated 
Lorn the group of patients with vesicointestinal fistula aie those diabetic 
patients in whom the passage of gas thiough the urethia is the lesult 
of decomposition or fermentation of mine in the bladdei by yeast 
organisms In occasional cases of chionic infections of the lenal pelvis 
Or of the bladder pneumaturia may occur The oftending bacterial 
organisms include Escherichia coli, Aerobacter aerogenes and Cocco- 
bacillus vesicae 

Complicating the formation of a fistula are a number of secondaiy 
rofections of the genitourinary system Symptoms referable to cystitis 
o^re greatly inci eased at the time the fistula becomes complete Pyelitis 
^rid pyelonephritis are of infrequent occurience m spite of the number 

I 5®”^’ ^ A , and MacCallum, W G Pneumaturia, J A M A 31 375- 

(Aug 20) 1898 

8 Hinman, F The Principles and Practice of Urology, Philadelphia, W B 
Company, 1935 

5 Riiey^ p G, and Bragdon, F H Pneumaturia in Diabetes Mellitus 
®Port of a Case, J A M A 108 1596-1599 (May 8) 1937 
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of Ctises of ueciotic c}stitis obseived Likewise, the foimation of stones 
in the bladdei is raie Of gieat impoitaiice is the psychologic effect on 
the patients of the passage of dischaiges through unnatuial channels 
This IS true particulail} of those patients who are i educed to a diaper 
eia b} lectal incontinence of urine They become mentally depressed 
and despondent 

In 1921 Sutton repoited fiom this clinic the cases of 34 patients 
u ith siginoidoi esical fistula In this gi oup there were 3 in whom the 
condition uas due to tiauma, 23 in whom it was due to inflammatory 
conditions evclusne of diverticulitis, 6 in whom it was due to diver- 
ticulitis and 2 in uhom it was caused b) carcinoma If the present 
seiies IS combined with that of Sutton, a total of 88 patients have been 
obsenej (table 1) 

Ceitam comparisons between the trvo gioups of patients are of 
inteiest Sutton leported observing fistulas in 26 women and 8 men, 
while in the piesent series theie w^eie 9 women in contrast to 45 men 

Table 1 — EHologic Factors in Eighty-Eight Cases of SwgicaUy heated 
Stgmoidovestcal Fistula 


TraumatjO factors 
Indaramatory factors 
Diverticulitis 
Carcinoma 


This difference is accounted for by the fact that salpingitis, specific or 
nonspecific, was the etiologic factor in a majority of Suttons sen i 
w'hile it W'as not encountered in the pi esent series However, sW 
due to diverticulitis have increased from 6 in Sutton’s series to 
the present A somewhat smaller increase has also been seen m 
nuinbei of fistulas resulting from carcinoma ^ 

Diverticulitis is perhaps the leading cause of sigmoidovesica s 
Dneiticula of the colon occui most frequently in the sigmoi ^ 
and, according to Rankin and Browm,^® a trifle more than 
of patients at the Mayo Clinic on Avhom roentgen studies o ^ 
were made were found to have diverticula Rankin an 
statistics fuither reieal an incidence of diverticulitis m a on 


cent of patients wdio had diverticula jdo'csic^l 

The pathologic sequence of events culminating m nian- 

fistula due to diverticulitis may be reconstructed m the fo 
ner Once a diverticulum is formed, it tends to undergo pr » 


cnlaigement With such progression, the muscular coat — 
gradual!} disappears, and, since a small sac wnth a narroi 


10 Rankin, F W, and Brown, P W 
G.vnec & Obi>t 50 S36-S47 (ila>) 1930 
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It IS certain that very severe colic pains had preceded in the former months, 
so as to make it not altogether improbable, that some inflam’d intestine had 
coalesc’d with the bladder, and a small abscess being made, that pus had been 
discharg’d into the cavity of both these viscera, by which a fistula of communi- 
cation might have been left open betwixt them 

For as to the urine having no disagreeable smell, when Young was call’d to 
the patient, and as to neither blood, nor pus, being discharg’d in the stools, 
as to there being no tenesmus , and as to the unctuous fluid, given in the form of 
a giyster, not having ting'd the urine with its colour , it is true that these circum- 
stances might, with good reason, render it less supposable, with him, that there 
was a communication betwixt the bladder and the rectum, or betwixt the bladder 
and the colon 

Anothei excellent authentic desciiption of a fistula due to diver- 
ticulitis with a report of the postmortem examination was that of Jones 
A 64 teai old woman had passed gas and feces through the urethra 
The situation was fuither complicated by a calculus in the unitary 
bladder At postmortem examination about 3 inches (7 6 cm ) of the 
sigmoid flevuie was found to be somewhat contracted A large number 
of diverticula were present Ulceration had occurred at the base of 
one, allowing the formation of an abscess external to the bowel The 
abscess m tuin had communicated with the urinary bladder 

In the review of enteiovesical fistula by Parham and Hume, the 
fistula was definitely stated to have been caused by diverticulitis m only 
3 cases, while in 65 the cause was classified as inflammatory No doubt 
in many cases of the latter group the fistula was caused by diverticulitis 
Bryan^"* reported a series of 43 fistulas, and of these 17 weie certain!y> 
and 2 were probably, due to this condition In 18 per cent of Sutton s 
cases divei ticuhtis with perforation was the etiologic agent 

Gouverneur, Soupoult and Latifi^® found 38 fistulas (11 per cent} 
in 324 cases of diverticulitis of the sigmoid Higgins collected 328 cases 
of vesicointestinal fistula and reported that m 160 the fistula w'as tie 
result of an inflammatory condition Ninety-two cases of dwerticu itis 
vere included in the series There were 12 cases of fistula m a recen 
senes of 91 cases of diverticulitis m which operation was done ) 
Lockhart-Mummerj' Of the 54 sigraoidovmsical fistulas describe ^ 
this presentation, 32, or 59 per cent, vv’ere caused by the same patho og 
entity 

13 Jones, S Communication Between the Sigmoid Flexure and the Bla 
the Result ot Ulceration of a False Diverticulum, Tr Path Soc London 

Surg 

14 Ervan, R C Sigmoidov esical Fistula, with Report of a Case, 

C3 353-363 (Feb) 1916 

15 Gouverneur, R , Soupoult, R, and Latifi, M Les fistules colo v 

d engine dn erticulaire, J de chir 51 215-231 (Feb) 1938 o pf*! 

16 Lockhart-Mummerv, J P Late Results in Diverticulitis, Lane 
1404 (Dec 17) 1938 
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Most of tlic patients ^\Itl] dnciliculilis complicated b) fistula weie 
men (97 per cent), and the a\crnge age was 54 S }cars ]Men aie 
affected in greater numbers because dn ei ticulilis is moic ficquent in 
that sex and an additional fact is that in women the uteius forms an 
effectne barrier between the sigmoid flexure and the bladdci S3mip- 
toms referable to disturbance m the urinai} bladder were picsent for 
periods iar\ing from a few dajs to many }ears There W’as passage 
of either gas or feces through the uielhia m piaclically all the cases 

Varying degrees of c\stitis weic seen through the c}stoscope, and 
■'isualization of the fistulous opening was possible m 13 of the 30 
patients examined c\stoscopicaIh In 9 the apeiturc was on the left, 
m 1 It \\as on the right and m 3 it was in the dome of the bladder 
jOemonstration of the fistulous tiact was possible in only 1 of the 10 
c}stograms made Owing to its proximal position, the colonic opening 
of the fistula to the bladder was seen Ihiough the pioctoscope m only 1 
of the 29 patients subjected to examination Although the roentgeno- 
gram was valuable in demonstrating the regional extent of diverticulitis, 
the fistulous tract was demonstrable on only one occasion 

The problem of curative tiealment of \esicointestinal fistulas in 
general has brought forth a number of surgical procedures Barbier de 
Melle” proposed the first rational treatment by suggesting colotomy 
Pennel,“ Curling and Holmes were among the pioneers to employ 
tfiis operation Suprapubic cystostomy followed by intravesical closuie 
of the vesical opening was suggested m 1884 by Le Dentu This 
method was used by Pousson “ eleven years later, wuth temporary 
success but ultimate failure Czerny === and Boiffin were the earliest 
champions of an mtrapeiitoneal approach to suigical correction of the 
fistula 

A true evaluation of the surgical methods used in the treatment of 
sigmoidovesical fistula due to diverticulitis is difficult to attain, since 

Barbier de Melle, cited by Chavannaz, G Des fistules vesico-intestinales 

Chez I’homnie, Ann d mal d org genito-urin 15 1176-1199, 1897, 16 
^uj-217, 1898 

IS Fennel, C A Case of Stricture of the Rectum, Wherein an Artificial 
1850^ Established in the Left I umbar Region, with Remarks, Lancet 1 628, 

20 cited by Parham and Hume i 

full tE°'“cs, T a Case of Lumbar Colotomy (Amussat’s Operation) Success- 
, ^ erformed for the Relief of Vesico-Intestinal Fistula, Lancet 1 400-401 
tApril 14) 1866 

22 ^entu, cited by Parham and Hume i 

23 ^°usson, cited by Parham and Hume i 

24 Parham and Hume^ 

pi 1 offin Retrecissement du colon ascendant, abces couvert dans le rectum 
f-April)^^l'^ Enteroanastomose, Bull et mem Soc d chir de Pans 17 305-309 
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the majoiity of case lepoits axe deficient as to details of the piocedure 
used In addition, the actual numbei of patients with diverticulitis 
suftenng this unfortunate complication is small A large senes must 
be accumulated before adequate judgment as to the true value of an) 
single piocedure can be formed With a small gioup, if end results are 
e\piessed on a percentage basis a false conception as to efficacy of 
tieatment and moitahty may be entei tamed If only 3 patients in the 
whole senes aie subjected to one proceduie and 1 succumbs, the mor- 
tality thus stated would be 33 3 pei cent Howevei , the same operation 
emplojed on 3 othei patients might result in three cures Therefore, 
the expression of results by the percentage sjstem will be avoided here, 
and onh actual statistics will be presented 

A stiivey of the existing literature yields a number of methods used 
in the surgical attack on fistula due to diverticulitis The thiee chief 
aienues ot appioach are (1) colostom) or cecostomy alone, (2) a 
single stage piocedure with or without the establishment of an artificial 
abdominal anus and (3) a multiple stage operation Diversion of the 
lecal current and subsequent surgical tieatment of the fistulous tract 
and adjoining regions by varied methods are the mam components o 
the multiple stage operation Included among such methods are (1) 
excision of the tract with simple closure of the sigmoidal and vesica 
openings, (2) closure of the apeituie in the bladder combined mth a 
Paul-Mikulicz piocedure on the involved poition of the sigmoid flexure 
and (3) sutuie of the vesical opening and resection, with end to 
end anastomosis of the diseased sigmoid flexuie Surgical mortait) 
attendant on such procedures as a whole is markedly elevated but varies 


consideiabty between individual appi caches 

Simple colostomy as close as is practicable to the site of the lesion 
is the simplest wmy of handling the problem, and, as would be expec e , 
the primary mortality rate from such a procedure is low At this poin^ 
It IS well to keep in mind that when colostomy is performed it sio 
be designed with the purpose of preventing spilling from the upp^^ 
bairel into the Imver barrel If sufficient time is allow^ed to elapse, 
the fistula wnll close spontaneously if the fecal current jq 

dnerted If the colonic stoma is not placed as close as is 
the inflammatory mass, a large amount of inspissated 
collect in a redundant loop of bow^el between the colonic ston^ 
legion of inflammation This should be avoided if possible 
should be employed, perhaps, onl}’’ if marked obstruction is 


then as a prehminar) to colostom) loii'h, 

Two patients of the present group hare been reported on 
and their cases hai e been review’^ed by Kellogg When these 
fiom his senes, there are left 28 cases of fistula due to 
and 7 of fistula probabh due to it Thirteen patients m a 
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jected to colostonn and ]] wcic tuicd One icniaincd iininipio\cd, 
and I died llns last figiiie is of gicat iin])oi lance 

One stage proccduits wcic peilotincd in 12 cases of Kellogg s senes 
These included (1) pnnian scpaiafion and sntnic of llic bladdti and 
intestine, (2) priinan 'Jopaiation, icpaii of tlie bladdci, icscction of 
the bowel and end to end anastomosis , (3) the fust ]noceduic dcsciibed, 
"ith the addition oi a peiniancnt colostoinj , (4) the same pioceduie, 
except that a cecal stoma was established instead of a \ent m the moie 
distal portion of the colon (5) piiman scpaiation of the bowel, icpair 
of the bladder, resection of the bowel with end to end anastomosis and 
cecostoim, and (6) pnmar\ scpaiation icpiii of the bladdci, lesection 
of the sigmoid flexuie (method not staled) and peimancnt colostomy 
With the first proccduie, 2 patients wcic ciiicd and 1 died, with the 
second, 2 weie cured, with the thud, 1 was emed, with the fonith, 2 
died, With the fifth, 1 was cured, and with the sixth, 2 w'cie citicd and 
1 died 

Four patients were subjected to a multiple stage operation An 
artificial abdominal anus was made in some portion of the colon pioximal 
^0 the lesion and at a subsequent date sepaiation and suture of the 
sigmoid flexure and urinai\ bladder were done The abdominal vent 
was made permanent m onh 1 case All of these patients weie cured 
Of the 17 patients m tins group on wdiom colostomy was pei formed 
Either as a total therapeutic pioceduie oi as a pieliminaiy to secondary 
operations, onty 1 died The results w'cie good also in the gioup treated 
'"ith resection secondary to colostom)'', m wdnch theie were no deaths 
attributable to the latter procedure 

To arrive at a more complete evaluation of the suigical pioceduies 
'^sed m the present senes of fistula due to diverticulitis, 6 cases previ- 
ously reported by Sutton are added Multiple modes of treatment were 
^'sed in these 38 cases, inasmuch as the pioceduies were performed by 
3 number of different surgeons ovei a period of thirty-two years 
On 8 patients of this group colostomy alone wms performed, without 
primary operative mortality Likewise, there were no deaths m an addi- 
tional group of 11 patients m wdiom an abdominal fecal vent ivas made 
preparatory to subsequent operations One of the patients in the latter 
group was operated on elsewhere 

A primary attack on the fistula itself, vaiying m detail, was used m 
cases In the largest proportion (8 cases) there were performed 
primary separation of the involved paits and suture of the bladder and 
intestine There w'as 1 recurrence, one year after the operation Three 
postoperative deaths from peritonitis resulted Transverse colostomy 
performed in an additional case in which there had been the same 
primary attack on the fistula Closuie of the aperture m the bladder 
exteuon7ation of the affected bowml as a Paul-Mikuhcz operation 
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was peifoimed m 5 cases, with 2 “pnmai}” deaths The vesical opening 
was sutuied and resection with end to end anastomosis over a rubber 
tube was done in another case, with a favorable result The last- 
mentioned type of procedure with the addition of appendectomy was 
pel formed in an additional case, with resulting cure In the group 
as a whole there were 5 deaths diiectly attributable to the surgical 
procedure 

Diversion of the fecal stream from its natural channel and a sec- 
ondarj approach to the fistula were made in 12 cases Second stage 
procedures weie pei formed at periods var 3 ung from about three weeks 
to five years and five months Resection of the involved portion of 
bowel by the Paul-Mikuhcz operation was employed in 4 instances, 
resection with end to end anastomosis m 5 instances and separation 
and simple closure of the openings m 2 In 1 case anterior resection 
was performed, but the distal end of the bowel was closed and dropped 
back into the pelvis Two of the patients subjected to each of the first 
two piocedures and the 1 subjected to the last piocedure died How- 
ever, of the 5 deaths, 3 were but indnectly due to the surgical procedure 
Evisceiation followed by peritonitis was responsible for the death of 1 
of the patients whose sigmoid flexure had been exteriorized, a hemor- 
ihage on the twenty-fifth postopeiative day accounted for the death of 
another patient, in whom a primary anastomosis had been made, and 
a third died of a fatal pulmonaiy embolus 

The length of the interval between opeiations depends on the general 
condition of the patient and the reaction of the fistula to the passage 
of time Certainly the interval should be at least six months to one 
jear to allow spontaneous closure of the fistula In this particular study 
the lapse of a longer period seemed to have no eftect on mortality 

In 2 other patients m this group witli diverticulitis primary separa- 
tion of the involved viscera and repair of the openings were performed 
However, a recurrence of sj mptoms in both necessitated further surgical 
procedures In 1 the vesical opening was again closed and the involved 
portion of the sigmoid flexure exteiiorized, with resulting cuie Intra- 
1 esical closure of the fistulous tract and establishment of a colonic stoma 
above the site of the lesion resulted in improvement in the other patient 
However, he succumbed to an unrelated illness while at the clinic, so 
that a true evaluation of the end result could not be obtained 

Computation of results reveals cures in 15 cases and 10 “primary 
postoperative deaths Two additional patients secured excellent results 
rom operation but unfortunately had a persistent fecal fistula at the 
site of colostomy Recurrences took place in 2 patients seven and nine 
years respectively after operation One patient had undergone primary 
separation of the sigmoid flexure and the bladder with closure of the 
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openings on the ''Ceond a colostonl^ h«id been pcifomicd, witli later 
closme of the openings ns lias been dcsciibcd The colonic stoma was 
subsequently closed 

Se\eiariiucicsting facts me picsentcd in connection nitii the gioup 
of patients on ■whom colostomy was peifoimed as tlie sole suigica 
proceduic llircc patients had no iclicf fioni the opeialion, but furthei 
surgical intencntion was prolnbitcd in 1 bj age and pooi geneia 
condition AVhen last seen, 1 patient had lmplo^cd to such an extent 
that he was to return foi a lescction of the sigmoid exuie wo 
other patients obtained excellent icsults from colostomy, ut wien le 
abdominal colonic stomas wcie closed iccuiicnce of S 3 m'iptoms le era 
to the fistula took- place The closuic m 1 of these patients broke down, 
and a fecal fistula i esulted Coloslomj w as again performe e sew 
m the other patient in whom iccuncnce w^as noted, and he su sequen y 
succumbed to an operation of unknown chaiacter, piesuma Y 
sigmoid flexure Death from an uni elated cause claime an a i lo 
patient m this gioup The leason for the death of the last patient cou d 

not be ascertained . 

The procedure of choice for any gnen patient cannot, o ’ 

postulated Any number of conditioning factors must ^ 
geon’s choice Age, gencial plwsical status, amount Lflamed 

mvohement of the aftccted bow'el, the exact location o 
region and the condition of the mesenteiy aie but a few o le 
factors demanding evaluation before decision as to a e m 

made A fiiable mesentery and bow^el woll make ^^tunng difficult, as 

the sutures will pull out easily Infection wul e diverticulitis 

notwithstanding meticulous technic When the region of 

:s .n rta s.gmo.d ,n Te 

resection uith end to end anastomosis may orimar-v 

distal portion A slight amount of ^p„,no-s 

separation of the adherent structures and suture o le ,, T gj foj- 
However, the lessons learned m surgical for 

other conditions are readily applicable to that any 

the same general principles hold It 
conservative approach to cure should me ^ 

close to the site of the lesion Furtherm , ^ eventually 

absolute, so that fecal material will not go o P 

reach the diseased bowel symptoms s 

spontaneously, the colonic stoma may o 1 ,£ a sufficient interval 

operation, however, should be Pfforme on y process 

has elapsed to allow complete subsidenc proctoscopic and 

’n the sigmoid flexure This must be c q£ the patient’s 

roentgen studies m addition to ,^°rvrra<;ionalIv however, one 

course after colostomy had been performed ucca 
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obseives a favoiable lesult fiom colostomy, with subsidence of the diver- 
ticulitis and closure ot the fistula, but when the abdominal colonic stoma 
IS closed, symptoms refeiable to the sigmoidovesical fistula are again 
present In such a case, i esection of the involved portion of bowel after 
piehminary colostomy will have to be done if cine is to be effected 
If 1 esection of the sigmoid is decided on after a sufficient inteival, 
the type of operation used should depend to some extent on the exact 
location of the lesion in the sigmoid flexuie Wheiievei possible, a Paul- 
Mikuhcz operation is the proceduie of choice for the upper part of the 
sigmoid flexuie Occasionally a lesion distal in the bowel may be 
exterioiized by opening the pelvic peritoneum and freeing the colon 
If this IS not possible, i esection and end to end anastomosis may be 
necessary 

Flee drainage of the unnaiy bladdei is essential and may be achieved 
by either a supiapubic tube or an indnelling uiethial cathetei The 
latter also offers a means of iriigatmg the bladder 

It may be well at this point to quote fiom no less eminent an authority 
than Hariison Cripps,"^ who wrote in 1888 "The idea of abdominal 
section with a view to sepai ating the intestine from the adherent bladder 
and closing the openings might at first be thought possible, but after 
investigating museum specimens and the accounts of postmortem 
examinations, the proceeding, I fear, will be seldom piacticable " 

Caicinoma of the sigmoid flexuie was lesponsible for the fistula m 
12 patients Differentiation of a malignant lesion from a region of diver- 
ticulitis may be extiemely difficult at times The aieiage age of these 
patients was 49 7 years, and all except 2 weie men The symptoms m 
general were similar to those encounteied in the gioup with divei- 
ticulitis Pioctoscopic examination, roentgen studies of the colon and 
cystoscopic examination were useful adjuncts in establishing the 
diagnosis 

Particular attention should be called to 2 patients ivho piesented 
on piimary cystoscopic investigation large tumor masses in the bladder 
If the entiie situation is not carefully leviewed, an error in diagnosis 
may be made Vesicosigmoidal fistula due to pi unary carcinoma m 
the urinary bladdei is extremely raie, and the lowei part of the colon 
should be thoroughly investigated m all cases m which the fistula is 
thought to be due to a neoplasm of the bladdei 

Invasion of the wall of the bladder by a malignant giowth of the 
sigmoid flexure engendeis an extremely pooi prognosis However, if 
metastases are not demonstrable operation should be undeitaken The 
tipe of operation depends on the particular skill of the surgeon and the 
exact situation of the growth In any event, the involved portion 

25 Cripps, H Passage of Gas and Feces Through the Urethra Colotomy, 
Reco%er> , Remarks, Lancet 2 619-620 (Sept 29) 1888 
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ol the bladclci niiibt be i(.‘:cctccl and the bladdei tlosed Supiapubic 
c\stostom\ ina\ be pcifoimcd or the bladdei diained with an indwelling 
catheter Of (he 12 patients, 11 succumbed citbei iminedntcl) after the 
operation or shoith thcieaftci Ihe fate of the otliei patient in this 
group IS unknown but be Iiad an inopciable lesion at the time of oper- 
ation, so that a palliatnc colostoim was perfoimed 

In the gioup with sigmoido\csical fistula iheie weie 9 patients 
whose fistula was due to an infiunmatoi> condition ^,hlch was not 
dnerticulitis and 1 with an mnammatoi} condition wdiich might have 
been dnerticulitis Six of these patients weic women, and 4 were men 
The a\erage age of the entire gioup was 42 8 >cars Six were simply 
classified as liaMiig an infiammator} condition, 1 as liaMng an mflam- 
niator} condition and a questionable malignant lesion and 2 as having 
tuberculosis Se\en of the patients in tins group bad undergone an 
abdominal operation elsewhere prcMOUsl), the fistula being the lesult 
of infection following opciation One of the patients had had a tuber- 
culous o\arj rcmo\cd heic, and a sigmoidor esical fistula had developed 
postoperatn el} The sjmptoms icferable to the fistula w^ere the same 
for the whole group as hare been desciibed preriousl} 

As would be expected suigical appioach to the group of inflam- 
mator} lesions was most difficult The intestines are usually adherent 
to one another and the suriounding structures, making any procedure 
hazardous In addition, the patients usually have been ill for prolonged 
periods and hare lost considerable r\ eight and stiength Primary 
separation of the sigmoid flexuie and the bladder rvith suture of the 
3pertures rvas emplo3cd in 5 patients One rvas completely cured, and 
in 2 a fecal fistula developed postoperatively, rvith, horvever, complete 
relief of vesical sr mptoms The other 2 patients died Even such simple 
procedures as colostomy and ileostomy rvere attended rvith poor results 
Colostom)’’ afforded complete relief of symptoms referable to the urinary 
tract in 1 patient, rrhile another died at home of an unknorvn cause trvo 
months after opeiation The patient subjected to ileostomy had fistulas 
involving the ileum, the sigmoid flexure and the bladder, and she suc- 
cumbed at home postoperatively 

Primary repair and closure of the fistula rveie done on 1 of the 
patients rvith tuberculosis, and an excellent lesult was obtained The 
second of these patients had been operated on elsewhere for the same 
condition, and although multiple proceduies were emplojed here, he 
remained unimproved 

Postmortem studies rv'ere conducted on 11 patients in the entire 
senes The causes of death and the state of the kidnejs are difficult 
to determine m the cases in the literature Peritonitis accounted for 
the deaths of 7 of the 11 patients, 2 succumbed to bronchopneumonia. 
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1 to a hemonhage on the twenty-fifth postoperative day and 1 to 
surgical shock The kidneys weie noimal m 5 patients Pyelonephritis 
was present in 2 patients, the renal pelves were dilated in 1, and a 
fourtli had a combination of dilated pelves and enlarged kidneys The 
lattei condition alone was found m 2 patients 

Table 2 is a summary of results in the senes reported by Sutton 
and in the present group 

The moitality demands some explanation Included among these 
patients are those nho had extensne carcinoma of the sigmoid flexure 
with involvement of the bladder and m whom it was deemed expedient 
to perform radical resection The prognosis is extremely poor in such 
cases Also included m this gioup are those patients who were sub- 
jected to secondary opeiations necessar}^ for the alleviation of rather 
severe inflammatory conditions of the abdomen Very important is the 
fact that most of these patients nere in the fifth, the sixth and even 

Table 2 — End Results m Eighty-Etght Cases of SmgicaUy Treated 
Signioidos^estcal Fistula 


Cored S5 

Sigmoidovesieal fistula cured, but fecal fiistula remained t 

Improved 5 

Unimproved 4 

Recurrence 4 

Deaths 

Attributable to primary disease or operation for correction 26 

Attributable to unrelated cause I 

Attributable to uaknown cause 2 

End result unknown 4 


the seventh decade of life The mortality from any operation in the 
period between 50 and 70 years of age is considerably enhanced, and 
procedures for the cuie of sigmoidovesical fistula aie no exception 
However, the plight of this unfortunate group of persons is so miser- 
able that one is forced to heroic measures to alleviate their distress 

CONCLUSIONS 

1 Diverticulitis with perforation is perhaps the leading factor m 
the production of sigmoidovesical fistula 

2 The formation of a fistula is an extremely serious complication 
m patients ivith diverticulitis or other inflammatory conditions 

3 The mortality from one stage surgical procedures for correction 
of fistula due to diverticulitis is excessive 

4 With the facts learned from other surgical procedures on the 
bowel in mind, multiple stage operations are most satisfactory m dealing 
with this particular type of fistula Colostomy which obviates spdb*^? 
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from the upper into the lowci patt of the colon is usually the first 
stage, and it should be pcifouncd as close to the fistula as is practicable, 
toa\oid redundant bowel abo\c the \csicocolonic tiact 

5 A sufficient intenal should be pci nutted to elapse aftci pichmmaiy 
colostomy to allow spontaneous healing of the fistula to occur if it wall 
If It does occur, the colonic stoma should not be closed until one is 
positive that the inflammation in the sigmoid flc\uic has cumpletelv 
subsided, otherwise thcic will be a iccuiiencc 

6 When carcinomatous nnasion fiom the sigmoid flexme of the 
colon into the bladdei has occuircd and a sigmoidovcsical fistula has 
formed, the prognosis is cxticmel}' pooi 

7 Ascending iniections of the urinai} tract aie not common com- 
plications of eesicosigmoidal fistula 
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RESEMBLING VITAMIN K (2-METHYL-l, 
4-NAPHTHOQUINONE) 
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In 1939, McKee and Doisy and their co-woikers^ showed that 
vitamin K has a qumoid structuie This led to im estigation of the anti- 
lemomagic value m cases of experimental hypoprothrombinemia of 
many ot the qumones Of those examined, the 2-methyl- 1,4-naphtho- 
quinone and the 2-methyl-3-hydroxy-l,4-naphthoqumone possessed the 
greatest antihemoi rhagic activity = Rhoads and Fhegelman= haie 
recently reported favorable results m the control of hypopiothroni- 
inemia m the human patient by the use of 2-methyl-l,4-naphthO' 
quinone Binkley, Dois} and otheis * and Feisei “ haie recently shown 
t at ^^fhyl-3-phytyl-l,4-naphthoqumone and the natural Mtamin K 
possess identical physical propeities and the same empiiic foimula 


vaLSt-NTATION OF DATA 

In this paper are presented 10 cases of clinical hypopiothiombinemia 
0 vaiious c auses and the responses of the patients to administiation of 
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and e’a^ ^ ® ’ ^^^'^Corquodale, D W , Thajer, S V 

1295 (May) J Am Chem Soc 61 

Activity \ ^ Fernholz, E Simple Compounds with Vitamin K 

IUose?"k^A ^he^Ant^u"' ''f ^ 

ibid 61 ^c^9^ r-r /"^.^^'-tiemorrhagic Activity of Certain Naphthoquinones, 
MaeCorquodale ^ A , Cheney, L C , BmUej, S B , 

tbid 61 1932 (jub ^ ^ ^ 

quinLe^m^te Fliegelman, M T The Use of 2-Methyl-l,4-Naphtho 

114 400-401 (Feb 3^)”l940 ° Deficiency m Patients, T A M A 

S A^ Micomld^i’ ^ ^ ’ Holcomb, W F , McKee, R W , Thayer, 

of Vitamin K, T Am^’ Ch ^ ^ Constitution and Sjnthesis 

and Vitamm K, T Am ? Synthetic 2-Methyl-3-Ph>tyl-l,4-Naphthoqmnone 

amm j Am Chem Soc 61 2561 (Aug ) 1939 


912 



lLU:\-rbU l\—FI7 nilN k 


913 


2-nieth\l-l,4-naplithoquinoiK 1 licit c.iics aic iuniinan/ed in the 
acconipaii} ing table Dail\ studies of the plasma piotlnombin weie 
made lor each patient w hilc he w as i cccn mg the di iig 1 he pi othi ombm 
times weie detci mined at 37 C , a modification of Quick’s method being 
used and the piotlnombin time of noimal human plasma being employed 
as the standaid In all cases the \ahic foi plasma fibiinogen was normal 
Each patient \\as gnen 0 323 Gm ol bile salts nith each 2 mg of 

Siiiiiina/v of Ttit Cases 


Protliroinbln 'lime 
(Per Cent of NorinnI) 


'Ircntmcnt 





21 Hrc 


A 


> 




\ftcr 


Total 

^ umber 



Before 

Tliernpj 

1 nd of 

Viiiount, 

Days 

Comment 

Ca^c 

‘ Dincno'ls ' 

llicrnin 

nc(,nn 

Thernpj 

Mb 

ireated 

1 

Stricture of common 
duct 

15 

IM 

100 

10 

5 

Bieedine: cums and 
menorrhacla both 







ceased within 8 hours 
after bcBinninc 
treatment 


0 

Common duct stone 

C5 

100 

100 

32 

4 


3 

Carcinoma of head 
of pancreas 

75 

100 

100 

24 

3 


4 

ObstructiTc jaundice 
from adhesive band 

S3 

100 

100 

24 

3 



across common duct 







5 

Biiiarr fistula 

54 

100 

100 

82 

3 


C 

^ontropieal sprue 

24 

32 

100 

12S 

1C 

Normal prothrombin 
time not obtained 








until the ICth dav 

7 

Hepatitis 

CO 

50 

100 

CO 

5 

Vomited and did not 
retain vitamin K 48 








hours after I V vita 
min K prothrombin 
time was normal 

8 

Acute yelloTT atrophy 

23 

33 

CG 

48 

C 

Died on 8th day 
in coma 

9 

Cirrhosis 

60 

50 

38 

140 

14 

Bile in stools 

10 

Cirrhosis 

28 

32 

38 

40 

5 

Bile in stools 


2-methyI-l,4-naphthoquinone except those in cases 7 and 9, who also 
received a water-soluble sulfonated derivative of this naphthoquinone 
The typical response to this naphthoquinone is graphically illustrated 
m chart 1 (case 1) The patient was bleeding from the gingival margins 
and had many cutaneous ecchymoses associated with obstructive jaun- 
dice Eight hours after the first administration of this drug the bleeding 
ceased and no more ecchymoses appeared In chart 2 (case 9) is s own 
the failure of this substance to increase a reduced level o p asina 
prothrombin in a case of advanced cirrhosis of the liver s m e 


6 The oral preparation of 2-methyI-l,4-naphthoquinone and the 
(bilron) were supplied by Eh Lilly & Co The sulfonated water-soluble prepa 
tion was supplied by the Abbott Pharmaceutical Laboratories 
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noted in the chart, daily oral doses of this substance failed to improve 
the prothrombin time On the thirteenth day of treatment the intra- 
venous route was substituted, 12 mg of the aqueous-soluble substance 
being given without eftect 



Chart 1 (case 1) — Record in a case of stricture of the common bile duct 



COMMENT 

These cases present three types of response to the naphthoquinone 
The first is that seen in cases 1, 2 , 3, 4 and 5, in which the prothrombin 
rapid!} returned to normal levels In each of these cases the low level 
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ut plasma piothiombin w.is pioducccl b} defcctnc absoiption of \Jtamm 
K, attiibutable to tbc ai)scnce of bile in tlie intestinal tract \\ lien tins 
absorption defect nas concctcd b\ oial administiation of b'le salts, tbe 
prothrombin rapidh letuined to noiinal when tbe naphthoquinone was 
gn en 

Ihe low le\el of plasma piothiombin m the patient with nontropical 
sprue (case 6) is a manifestation of inadequate absoiption of -vitamin K 
together with othei fat-soliible substances 1 he sluggish type of response 
seen in this case might ha\ e been expected since the concentration of 
the vitamin in the intestinal tract was inci eased without any change 
in the fundamental absorption defect In two picMOUs studies on this 
patient similar responses were obsened when the alfalfa concentrate 
was given 

In cases 9 and 10 no appreciable change m the piothrombin time 
w'as produced by the naphthoquinone The patients in both of these 
cases had far advanced ciiihosis of the hvei associated with chronic 


alcoholism Bile salts were given with the 2-methyl-l, 4-napIithoquinone, 
although adequate bile was already piesent in the stools of both patients 
In case 9, after tw'elve days of thciapy, during wdiich time 128 mg o 
the naphthoquinone was given orally, the w'ater-soluble sulfonate 
derivative of the naphthoquinone w'as given in two doses of 6 mg each 
b} ■'em This assured the presence of the piepaiation in the circulation, 
but even under these conditions the piothiombin time did not improve 
The failure of the plasma to respond in these cases suggests that m the 
presence of advanced hepatic cirrhosis the process of activation o 
prothrombin by the naphthoquinone may be impaired 

None of the patients studied show^ed any symptoms of untow^ 
reaction or toxic symptoms which might be ascribed to this drug 
patients received at least 8 mg of this substance daily, while those in 
cases 7 and 9 received as much as 16 mg daily for two and four days 
respectively The patient in case 9 received a total of 140 mg of naphtho- 
quinone over a sixteen-day period, without ill effects Occasiona nause 
was observed, but this was not present if the bile salts 
a test dose However, until further clinical data are at hand the naphtho- 
quinones should not be used unless the patient can be carefully observe 
The results obtained with naphthoquinone in these patients compar 
favorably with the results obtained in this clinic m prothrombm-deficien 
])atients receiving the vitamin K concentrate However, there is con- 
siderable variance of opinion as to the relative antihemorr agic va ues 
of the alfalfa concentrate and the synthetic naphthoquinones in the case 
of the experimental animal It is generally agreed that the 2-methyl-l, 
-f-naphthoquinone and the 2-methyl-3-hydroxy-l, 4-naphthoquinone have 
a high degree of activity, the former possessing more actnity lan 
latter Ansbacher and Fernholz stated the belief that the --m } - , 
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4-iiaphthoquir)one is as active as the natural vitamin, while Almquist 
and Klose stated that this synthetic pi eparation is considerably less 
potent than the concentiate Howevei, until it is possible to assay pure 
natuial vitamin K m terms of its naphthoquinone content, no accurate 
comparisons can be made between this natui al vitamin and the synthetic 
preparations 

SUMMARY 

Ten patients with low levels of plasma prothrombin were given 
synthetic 2-methyl- 1,4-naphthoquinone, and their responses were 
recorded 

The failure of prothrombin response m 2 cases of advanced cirrhosis 
of the livei is discussed 

No evidence of tovicity was observed during administration of this 
substance 

Dr Lester R Dragstedt gave helpful advice and valuable criticism in the 
preparation of this paper 



REGIONAL AND GENER \L lEMPERATURE KI Sf’ONSE 
FOLLOWING EXPERIMENT \LLY INDUCED -YCUIE 
INFL \MI\r \TION NND INFECTION 

GEORGE J IIEbER, MD 

\ND 

HERBERl CORY'A\, MD 
NFW \OnK 

In the course ol expcnnieiUal woilc on surgical intections it seemed 
necessar} to study anew the tempeiatuie responses of the body to acute 
inflammations and infections Foi our own purposes it was desirable 
to obsen'e the relation between the deep temperatuies of the brain, 
hier, lectum and muscles in the noimal subject, the variations m deep 
temperature as influenced by the common!} used anesthetic drugs, the 
time of appearance of elevation of temperatuie m the tissues involved 
and in the intra-abdominal organs and the biam after production of an 
acute localized inflammation, the lehabihty of the rectal temperature as 
a guide to the febrile state of the subject, and the relation between 
leukocytic response and elevation of temperature Observations of this 
sort have, of course, repeatedly been made, but such observations and 
their interpretations as published in the literature have varied greatly 
As a preliminary study it appeared desirable to become familiar with and 
to standardize the methods available to us and to make certain observa- 
tions of our own under conditions obtained in our laboratory The 
preliminary observations are reported here 

apparatus and methods or observation 
The particular assembly used in the experiments herein reported was one having 
a portable potentiometric temperature indicator,^ five needle style thermocouples 
and a rotary thermocouple switch The temperature range foi the assembly was 
from ~ 4 to 50 C The thermocouples a were made from no 20 Stubbs gage needles 
°f platinum-iridium shafts and bakehte handles with no 14 iron-constantan duplex 
kad wires These thermocouples can be sterilized by boiling in water The 
f ^bly was so arranged that it was possible to take temperature readings at five 

From the Department of Surgery of the New York Hospital and Cornell 
University Medical College 

1 No 8663, Leeds and Northrup Company, Philadelphia 

2 These thermocouples were constructed by the Leeds and Northrup Company, 

Plnladelphia 
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different parts of the body of the experimental animal within one minute This 
apparatus has an estimated accuracy within 0005 degree (C ) 

Dogs were used in these experiments For observations of the temperature of 
the brain, the animals were prepared by preliminaiy trephine of the temporal 
bone, the opening being uniformly placed o\er the midparietal region of the cerebral 
cortex For observations of the temperature of the liver, a preliminary operation 
was done, a nb over the right lower lateral aspect of the thorax was resected, 
and the costophremc sulcus was obliterated bv suturing the diaphragmatic to the 
parietal pleura Animals were not used for experimentation until se\en dajs after 
the operation, at which time the wounds were healed The needle style thermo- 
couples were inserted to a depth of 2 cm into the subcortical substance of the brain 
and held securely in place by means of a rubber flange fastened to the scalp with 
adhesive tape The couples were inserted into the substance of the liver to a 
depth of 5 cm and anchored in the same fashion The rectal temperature readings 
were made by inserting a thermocouple into the ampulla of the rectum for a 
distance of 5 cm The temperatures of the muscles were determined bv inserting 
a thermocouple for a distance of 5 cm obliquely into the muscles of the thigh 
on the outer aspect of the leg Readings were made at all points everj two, five 
or ten minutes, according to the plan of the experiment The thermocouples w'cre 
regularly checked with a senes of finely graded mercury tliermometers The 
temperature of the room was not allowed to varj over 3 degrees (C ), and wind 
currents were excluded The humiditj of the room was recorded in volumes per 
cent by polymeter (Lambrecht’s) During the experiments, manv of which were 
earned on for twenty-four hours, no attempt was made to supply nourishment to 
the experimental animal or to replace the loss of fluid from the body 


NARCOSIS AND ANESTHESIA 

In experiments 1 to 5, obseivations weie made on deep tenipsie- 
tui es vn dogs after moiphiiie medication and the use of ceitcui 
anesthetic dings All experiments were of two hours’ duration Thermo- 
couples were inserted in the liver, the lectum and (in experiment 5) 
the brain Readings were made every two minutes The room tern 
perature was 25 to 26 C The humidity was 35 to 40 volumes per cent 

Experiment 1 — A dog weighing 11 6 Kg was given 0 01 Gm of morphine 
intramuscularly Anesthesia was not used At the beginning of the experiment 
the temperature of the liver and that of the rectum were the same, but the former 
quickly fell below the latter, and this relation between the two temperatures pen 
sisted Both showed a gradual decrease Twenty-four minutes after the start 
of the experiment the temperature of the liver reached a constant of 37 2 C , the 
rectal temperature continued to drop and did not reach a constant until forty-eigIi‘ 
minutes had elapsed From this point the two temperatures were within 0 
degree (C ) of each other Ice applied to the head for eleven minutes was not 
followed by a demonstrable change in the temperature of either the rectum or 
the liver Ice compresses applied to the abdomen for twenty-one minutes caused 
a rapid drop of 0 7 degree (C ) in the temperature of the liver The temperature 
of the rectum did not fall until four minutes later and dropped only 0 5 degree (C ) 
After removal of the cold application both temperatures rose , the temperature o 
the rectum returned to 37 C , and that of the liver rose to 36 8 C toward the end 
of the experiment 
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Experiment 2 ( bh\tal Slccj') — A clog wciglnng 12 Kg giicn 1 1 Gni of 
am\tal lntrapc^tonc^lI^ EiUccn nmiut<.s iftciwaicl the ttinpciaturc of the liver 
and that of the rcctiiin were approMiintch equal, at 38 6 C Eoth benan to fall 
inimediateh, that of the lucr more iapidl\ than that of the icetum The fall 
continued for thirlr minutes, aftei which both values became faiily constant 
Throughout tlic reniaiiider ot the two hotiis both remained constant, that of the 
h\er at 37 8 C and that oi the rectum at 37 9 to 37 95 C 

Experiment 3 iSpwal Aiicstluna) —A dog weighing 13 Kg was anesthetized 
with 50 nig of procaine Indrochloiidc gi\en into the subarachnoid space it the 
lei el of the second lumbar icrtcbra Immediate paraKsis of both hindlegs resulted 
The first tciiipci aturc obscnation was taken three minutes aftci the onset oi 
parahsis of the hindlegs The temperature was 39 5 C (tempeiature before 
anesthesia, 37 4 C ) It rose rapidh to a peak at 40 2 C and dropped slowly after 
thirh minutes As the effect of the anesthetic wore off, the rectal temperatuie 
reached a “low" oi 39 2 C, at which point the experiment was abandoned because 
of muscular actiiiti of the lower extremities of the animal 

Experiment 4 (Avcrlm Anesthesia) — A dog weighing 13 6 Kg was anesthe- 
tized with 80 mg of aiertin in amjlcnc hydrate per kilogram of body weight, 
administered by rectum The rectal temperature was obseived to hold a slightly 
higher level than that of the liier throughout The temperature of the rectum 
was 38 C at first and fell gradually to 37S C That of the liver was 37 9 C and 
fell gradually to 37 6 C 

Experiment 5 (Anntal Sleep) —A dog weighing 13 6 Kg was given 0 8 Gm 
of amytal intrapentoneally The temperatures of the liver, brain and rectum 
stayed between 37 5 and 39 C , and all these were closely parallel as they slowlv 
dropped through the two hours The deep cerebral temperature was highest, the 
temperature of the hier was intermediate and the rectal temperature was lowest 


IKFLAJrArATION 


In expenments 6 to 10, obseivatwns zoeie made on th^ deep tem- 
peiatwes and on the leukocytic icachon m dogs aftei production of a 
localised acute aseptic inflammation by means of stenhsed tin pentine-^ 
paraffin solution All except experiment 10 weie of twenty- four hours 
duration, readings being taken every ten minutes Thermocouples were 
inserted in the brain, the liver, the rectum and the muscles of the thighs 
The room temperatures ranged from 24 to 28 C The humi it} was 
from 25 to 35 volumes per cent 


Experiment 6 -A dog weighing 12 Kg was given 11 Gm of 
pentoneally The temperatures of the liver, rectum and 
variations, but their relation to each other ivas not constant e s ar 

experiment the rectal temperature was 38 S C At this leve it ® mnpratnre 
than that of the brain or the liver However, after three hours 
of the hver became highest and reifiained so throughout t e 
period Up to twelve hours there was a gradual rise in a t ree eep hours 

this rise giving to the curves a sloping apex, followed in ^ period 
6y a decline to meet, approximately, the readings recorde a e * (■RJ S C 1 

The temperature of the muscles of the left leg was higher at the ta t (o4 o C) 
than that of the right leg This relation reversed itself severa 
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experiment progre'^sed The leukocyte count, starting at 19,500 per cubic milli- 
meter, rose irregularly to 23,000 at the end oi nineteen hours, then dropped to 
20,000 The maximal leukocjtosis occurred later than did the maximal rise in 
deep temperatures of the liver, rectum and brain This experiment was planned 
as a control for experiments 7 to 10 

Experiment 7 — A dog weighing 11 Kg was guen 0 74 Gm of aniytal intra- 
peritoneally In this experiment a localized inflammatory process was initiated in 
the muscles of the right thigh by the injection of 6 cc of a turpentine-paraffin 
solution (prepared by heating a mixture of 2 parts paraffin and 1 part turpentine, 
by volume), which had been sterilized and cooled to 30 5 C, into the area rrhere 
the thermocouple was inserted into the tissue The injection was followed by a 
rise in muscular temperature of over 7 degrees (C ) This rise manifested itself 
uninterruptedly m the course of four hours, rapidly at first, then less rapidly 
Associated with the rise m peripheral temperature there was a sharp elevation 
of the temperatures of the liver, rectum and brain and an increase in the leukocyte 
count from 7,000 to 25,000 per cubic millimeter As the temperature of the peripheral 
area dropped through the next twenty hours to reach the approximate level at 
which readings had been made before the injection, the tissue temperatures in the 
liver, the rectum and the brain continued to ascend, and the leukocyte count 
remained elevated 

Experiment 8 — A dog weighing 12 4 Kg was given 0 74 Gm of amytal intra- 
penitoneally In this experiment a localized inflammatory process was initiated 
in the muscles of the left thigh b\ injection of 6 cc of turpentine-paraffin solution, 
sterilized and cooled to 35 C , approximately at the point where the thermocouple 
had been inserted There was a rapid rise m temperature of the muscles of the 
thigh, the rise was only 2 degrees (C ), but the level to which it brought the tem- 
perature was the same as in experiment 7 (37 C ) The temperatures of the 
intracranial and intra-abdominal organs showed a gradual and steady elevation 

In the last twelve hours of this experiment the temperature of the inflamed 
area (musculature of the left thigh) remained elerated and did not drop as u 
did in the same period in the preceding experiment Again the relation of the 
temperatures of the liver, rectum and brain to eacli other was unaffected by 
the peripheral inflammatory process 

Experiment 9— A dog weighing 11 8 Kg was given 0 74 Gm of amytal intra- 
peritoneally In this experiment 6 cc of a turpentine-paraffin solution (sterilized 
and cooled to 37 C ) was injected into the musculature of the right thigh The 
behavior of the temperatures of the tissues of the leg was roughly similar to that 
observed in experiments 7 and 8 The affected leg showed a rise in temperature 
o oiling the injection, which was maintained persistently throughout the twentj- 
tour hour period at a point averaging 1 5 degrees (C ) above that of the unaffected 
extremity The temperatures of the intracranial and mtra-abdominal organs again 
^ Pe^'^'^tent elevation The leukocyte count, which rose from 11,000 
to 16,800 per cubic millimeter, exhibited a curie whmh closely paralleled that shown 
in experiment 7 

Experiment 10 ~A dog weighing 17 5 Kg was given 1 1 Gm of amytal intra- 
peritoneally When the temperatures of the tissues had reached a fairly constant 
level (one hour after the observations were started), the dog was placed m an 
epeciallj constructed cabinet which covered the body from the upper part of the 
^ to and including the feet The cabinet was made of wood, its 

sides haling glass windows for observation The extensions of the couples passed 
through rubber-stoppered openings in the sides ot the cabinet The cabinet iMS 
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heated bj incandescent bulbs The tcmperatuic within the cabinet was puiposelv 
maintained at a Iiiglicr Ic\cl than anj of the peripheral tenipciaturcs observed in 
the prcMOus c\pei imciits, an attempt being made to determine whether the tem- 
perature of an inflamed area migiit use above that of the eini''onment After 
the animal was placed in the cabinet, all the tissue temperatures rose Aften one 
hour and twentv minutes an mflammatorv piocess w'as initiated in the tissues of 
the nght thigh b^ injection of a mixture oi turpentine and paraffin, prepaied as in the 
earlier experiments The temperatures of the brain, liver and rectum did not 
exceed that of the air of the cabinet The upward trend of the peiipheral tem- 
perature of the right thigh, which was appaiently induced by placing the animal 
m the heated cabinet, was not afifected bv injection of the inflammatory agent 




« ti t * 
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Chart 1 — Data on experiment 9 Six cubic centimeters of am>tal was administered 


INFECTION 

In expenments 11 to 15 obseivations tuete made on the deep tem- 
perature and on the leukocytic i espouse aftet pioduction of a localised 
acute infection All experiments were of twenty-four hours’ duration , 
readings were made every ten minutes Theimocouples were place m 
the brain, the liver, the rectum and the muscles of the thighs le 
room temperature was 24 to 28 C The humidity w as 20 to 40 volumes 
per cent 


Experiment 11 —A dog weighing 12 5 Kg was gnen 0 8 Gm of amjtal intra 
Pcritoneally The tempeiatures of the deep organs were not unusual in the 
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behavior in comparison with the readings obtained in earlier experiments One- 
half hour after the thermocouples had been placed, 3 cc of ? broth suspension 
(containing 2,000,000,000 organisms to a cubic centimeter) of Staph aureus was 
injected into the muscles of the right thigh, approximately at the point to which 
the thermocouple had been inserted There was an immediate rise m the regional 
temperature from 31 to 35 C This was followed by a drop, and the higher le\el 
was not approached again until three hours later The maximal elevation of the 
white blood cell count occurred seventeen hours after injection of the organisms 
Experiment 12 — A dog weighing 11 5 Kg was given 0 8 Gm of amytal 
■ntrapentoneally In this experiment the technic was exactly the same as in the 
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Chart 2 — Data on experiment 15 


preceding one (experiment 11), except that 6 cc of a bioth suspension (about 
2,000,000,000 organisms per cubic centimeter) of Staph aureus was injected into 
the muscles of the right thigh The temperature curies weie similar to those 
of the preceding experiment The muscular temperature of the infected leg 
elevated above that of the normal leg for nine hours then fell to a lower level 
The systemic temperatures as measured in the brain, liver and rectum showed a 
persistent rise The leukocyte count reached its maximum later than it did m 
the experiments dealing with acute inflammation It i ose from 9,000 to 26,000 per 
cubic millimeter in ten hours 

Experiment 13 —A dog weighing 13 Kg was given 0 8 Gm of amytal mtra- 
pentoneally In this experiment 6 cc of a suspension of Staph aureus m whole 
blood (about 2,000 000,000 organisms to the cubic centimeter) was injected into 
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tlie right thigh In coinpinson witli the 2 cirlici experiments (11 and 12) it 
was obser\cd tint the deep temperatures were higher, reaching 41 4 C Similarly, 
the regional temperature in the infected leg reached 38 8 C, a level which was 1 5 
degrees liighcr than the highest peripheral temperature observed m experiments 
11 and 12 The leukocvtc count rose slowl}' from 11,000 per cubic millimeter to 
a peak of 21,800, which was reached sixteen houis aftci tlie injcctuui 

Experimext 14 — \ dog weighing 14 ICg was given 0 9 Gm ni aimtal intia- 
peritoneallv’ Six cubic centimeters of a saline suspension of Staph mrcus (about 
2,000,000,000 organisms to the cubic centimeter) was injected into the muscular 
tissues about the point of the thermocouple msc'ted into the right thigh The 
peripheral temperature (muscle of the right thigh) reached a height greater thin 
had been previously observed, 39 4 C, keeping pace with the elevation in deep 
temperatures (brain, liver, rectum) to 41 C The leukocyte count rose from 7,000 
to 25,000 per cubic inillmietcr after tvventj-one and one-half hours 

Experiment 15 — A dog weighing 15 5 Kg was given 1 Gm of amytal intra- 
pcritoneally Three cubic cenlimcterb of a broth suspension of beta hemolytic 
streptococcus (about 2,000,000,000 organisms to the cubic centimeter) was injected 
into the muscles of the right thigh of the animal about the point of the thermocouple 
There was a distinct rise in the deep temperatures aftei the injection This was 
irregularly maintained throughout the twcnt 3 '-four hour period The initial rise 
of the temperature in the muscles of the infected thigh after the injection was 
followed by an elevation which persisted for twelve hours The temperature of 
the leg then dropped to approximate!}' that of the outer extremity The leukocyte 
count slowly rose from the starting point of 7,000 pei cubic millimeter to a peak 
of 20,400 at the twenty-second hour The arop in peripheral temperature at the 
site of infection w'as concomitant with the occurrence of signs of edema at that 
area 


SUMMARY AND COMMENT 

Detailed report is made of observations on deep tissue temperatures 

affected by experimentally induced inflammation and infection in a 
senes of 15 experiments In 9 of these, observations were made over 
a twenty-four hour period The first 5 experiments were planned to 
give information as to the normal variations of the temperatures of 
these parts (liver, brain, rectum, muscles) aftei several anesthetic 
agents were administered Evidence is presented that amytal introduced 
into the peritoneal cavity gives a very satisfactory control of the anima s 
for this type of experimental study The deep temperatures were more 
constant after administration of amytal than aftei administration of 
morphine, avertm with amylene hydiate oi procaine hydrochloride 
Amytal was, therefore, selected as the anesthetic of choice for the 
experiments It was found that variations of 0 5 degree centigrade m 
the temperature of the liver, brain or rectum were common and of no 
significance, the highest temperature or the lowest temperature being 
exhibited by any one of the organs at different times It was a so 
found that a variation of 1 degree centigrade m temperature of the 
room was without effect on the temperatures of the deep organs or 
tissues 
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Fiom a study of the experiments (6 to 10) dealing with aseptic 
inflammation the following mfeiences may be drawn 

1 Injection of an inflammatoiy agent into the muscular tissues of 
the penpheiy is accompanied by an immediate use in local temperature 

2 Production of an acute peripheral inflammation is followed within 
a few hours by an increase *10 the deep temperatuies as measured in 
the liver, brain and rectum 

3 The peripheral temperatme at the site of the localized inflam- 
mation may decline as swelling develops at the site, although the deep 
temperatures continue to use 01 remain elevated 

4 The leukocyte count shows a steady increase during the first 
ten to twenty hours after the production of an acute localized peripheral 
inflammation, its maximum not being reached until a varying number 
of hours after the peak of the peripheial temperature 

5 In the first twent^'-four hours after the initiation of an acute 
localized peripheral inflammation the temperature of the infected area 
does not exceed that of the deep organs (liver, brain, rectum) 

It IS furthei indicated by experiment 10 that a peripheral inflamma- 
tion does not cause an increase m local temperatme in an extremity 
previously subjected to increase in temperatuie by inclusion in a heated 
cabinet In the expeiiment referred to, the temperature of the tissues 
m which inflammation was to be induced had shown a significant eleva- 
tion after the posterior extremities of the animal were placed in a heated 
cabinet In none of the experiments lecorded herein did the local 
temperature at the site of acute inflammation at any time exceed that 
of the deep organs This observation leads to the impression that 
elevation of the temperature of peripheral tissues in association with 
acute inflammation is due chiefly to the induced hyperemia rather than 
to specific biochemical or metabolic processes at woik in the area of 
celklai change It is recognized, however, that this evidence is hardly 
su cient to rule out the factor of local increase in metabolism of tissue 
as a cause of heat production 

The frequency of readings in the expei iments 1 eported affords 
information as to the order and sequence of the use in temperature 
0 t e organs and tissues m which observations were made The varia- 

temperatuie of the muscles of the leg m 
e 1 erent experiments, these having been earned out with the same 
technic m all cases, are not easily explained, nor are the variations m 
e egree of leukocytosis and in the time at which there was maximal 
eukocytosis Attention is called to the fact that the value of the 
’^^ported here lies in the comparative study of the relation 
e abnormal temperatures of the disturbed peripheral tissues to 
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those of similar tissues and to tlic tempciatures of the deep inti acranial 
and intra-abdominal organs, botli in the degiee of heat pioduction and 
in the rate of its de\clopinent It is pointed out furtlier bv tliese 
observations that tlie fluctuations in tcinpeiatuie of an acutely inflamed 
peripheral zone do not paiallcl the use in geneial teinperatuie of the 
body as ineasuied in the internal oigans (biain, livei, rectum) That 
the ele\ated tempeiature in these organs icmains peisistently at a liighei 
level than those of the inflamed legioii suggests that since, in the p’oeess 
of circulation, the blood passes through the mtra-abdominal organs 
before being transferied to the peiiphei}, the inci cased warmth of the 
inflamed area is due not to local pioduction of heat but to tiansference 
of heat to the area b} the inci eased rate of flow of blood (hypeiemia) 
This impression A\as obtained in woiking with inflammatory processes 
(experiments 6 to 10) and also with infection (experiments 11 to IS) 

In brief summation of the experiments dealing with infection 
(experiments 11 to 15) it may be concluded that 

1 Injection of an infectious agent into the muscular tissues of the 
periphery is accompanied bj'’ an immediate use in local temperature, 
this rise being, in geneial, highei than that obseived m the experiments 
dealing vith sterile inflammation 

2 Production of an acute peripheral infection is followed within 
a few hours by a rise m the temperatures of the deep organs, just as 
observed in the experiments dealing with inflammation 

3 In the twenty-foui hour period immediately following initiation 
of the infection the temperature in the infected zone rises and then 
falls when suspensions of staphylococci are injected The peripheral 
temperature is maintained at a higher level when suspensions of strepto- 
cocci are injected The deep temperatures continued to rise or remain 
elevated throughout the period of observation just as m the experi- 
ments m sterile inflammation 

4 Leukocytosis is not maximal as early after the production of an 
acute infection as after the start of an acute inflammation 

5 After the initiation of an acute localized peripheral infection, the 
temperature of the infected area does not exceed that of the deep organs 

6 The regional and general responses of temperature after an acute 
infection has been produced are not appreciably different when the 
Organisms are suspended in physiologic solution of sodium chloride, 
broth or whole blood 


A comparison of these findings with those of other investigators may 
be made The work of Maximov,® who demonstrated by a series of 

3 Maximov, cited by Segale, M Temperature of Acuteh Inflamed Tissues, 
J Exper Med 29 235, 1919 
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accurate temperature determinations cained out with thermoelectric 
batteries that in no pait of the inflammatory process is the temperature 
highei than that of the heait’s blood or the blood of the larger vessels 
IS confirmed by these observations Similarly, the contention of 
Jacobson,^ Bernard,” Schneidei ® and Ruppert," namely, that if the 
inflamed area has a highei tempeiatuie than that of the corresponding 
area, it cannot be asserted that its tempeiature is above that of the 
cential blood, is confirmed Marchand,® in a summary of the results 
of a study of this subject, concluded that the inci eased flow of blood 
IS the responsible factoi m heat production, rather than a disturbing 
element It was suggested by Bernard that the flow of blood to a part 
might be considered the result of local calorification After exhaustne 
theimometry studies, in which it was demonstrated that the temperatuie 
of the blood in the hepatic vein is consistently warmer than that in the 
portal vein, he (Beinard) came to the conclusion that the blood actualh 
is waimed by certain organs but that there is no one organ which 
generates heat , it is a function of all tissues which are subject to nutri- 
tion Cavazzani ® recorded an increase in temperature of the hepatic 
paienchyma after blocking the circulation m the hepatic artery and 
portal vein Segale,^® supporting Cavazzani's work, reported 6 animal 
experiments in which the temperature in the inflamed area was obser^ed 
to rise after the production of ischemia in the part or after the death 
of the animal Krehl and Kratzsch found that m animals with fevei 
the li\er is as warm as in normal animals or warmer Schade, Haagen 
and Schmidt,^® in disputing Marchand’s belief that the increased local 
heat in inflamed tissue is due to the afflux of blood to the affected part, 
demonstrate d that the temperature of the inflamed area rose 0 1 degree 

4 Jacobson, H Ueber normale und pathologische Temperaturen, Virchows 
Arch f path Anat 51 275, 1870 

5 Bernard, C Legons sur la chaleur animale, sur les effets de la chaleur et 
sur la fievre, Pans, J B Bailliere, 1876 

6 Schneider, O Einige Beobachtungen uber den Stoffwechsel bei kunstlicher 
irlethora und Anamie, Marburg, C L Pfeil, 1861 

7 Ruppert, M, cited by Segalew 

■x/T ^ 1 . ^ Die thermischen Krankheitsursachen, in Krehl, L , and 

Marchand, F Handbuch der allgemeinen Pathologic, Leipzig, S Hirzel, 1908, 
vol 1, chap 2 a , o, 

u ^ Sul differenziamento degli organi della sensibihta terniica de 

quelli del senso di pressione, Riforma med 8 (pt 1) 797-801, 1892 

Med 29 235^’ m9 Acutely Inflamed Peripheral Tissue, J Exper 

Kratzsch Untersuchungen uber die Orte der erhohten 
WarmeproduUion in Fieber, Arch f exper Path 41 185, 1898 

^ ^ ’ Haagen, W , and Schmidt, K Thermoelektrische Messung der 

1936"'^''^'^^^ Entzundung, Zentralbl f d ges e\per Med 83 343 
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abo\c the icctal IcinptiatiiK In the tvpciinuntb ot Schadc, Haagen 
and Schmidt localised innamination was pioduccd h\ the injection of 
turpentine-paraffin sohitioii twcnl\-foui houis bcfoie the observations 
were made In om own cxpci inients the tcmpeiaturc of tlie inflamed 
area W'as not at aii\ time imind to he highci than that of tiic liver, 
brain and rectum 

In Keeping with \ant I lofts law Shoii,” woiKing with tissues in 
\itro (Warbuig technic) has obsened a tienicndous iiiciease in tissue 
metabolism in the pic'-cnee ol intcction bniiilarlv, (jesslcr“ concluded 
after extended expei imeiital ctiidics that tlic cltect of external heat is 
a great increase in niefaholi'^m of tissue witli siilisequeiit hjperemia 
In our cxpeiinients the dcgice ot clcaatioii ot penplicral tempeiature 
has been greater m the cxiieimiental infections than in the inflamnia- 
tions Tins is in keeping with Slion’s ohsenation There is, hovvevei, 
no conclusnc eaidence that iiici cased nietaljolism is responsible foi 
increased production of heat 

Returning again to the lole of the cnciilatiiig blood and its possible 
effect on the area of the increased tempeiature as a cooling or heating 
phenomenon, attention is called to the classic expei imeiits of Ludwng 
and Spiess,‘= confirmed b\ Burton-Opitz in which it w'as demonstrated 
that in cases of parotitis there are marked local heating and an eleva- 
tion of temperature abo\e that of the legional arterial blood, the venous 
blood being warmer than the arterial blood Also, as has been men- 
tioned, Schade made observations showing that the temperature at the 
site of the infection rose above that of the rectum On the other hand, 
one of us (Comvay^') has leported on regional temperatures in cai- 
buncles m man In onl> 2 of 20 cases w'as the temperature in the 
acutely inflamed zone e\en a fraction of a degree above the rectal 
temperature taken at the same time Also, the regional temperatures 
in the infected areas w'ere consistently higher in that portion of the 
carbuncle m which hyperemia was maximal 

The reports in the literature relating to temperatures in infected 
areas are few To our knowdedge, diurnal temperature readings fol- 
lowing experimental inflammation and infection as recorded herein 
have not previously been made All of the information made available 

13 Shorr, E Personal communication to the authors 

14 Gessler, H Ueber Entzundung, Arch f exper Path u Pharmakol 163 
477, 1931 

15 Ludwig, C, and Spiess, A , cited by Segale^® 

16 Burton-Opitz, R Ueber die Temperatur des Chorda- und des S\mpa- 
tliikusspeichels. Arch f d ges Phjsiol 97 309, 1903 

17 Conway, H Subcutaneous Temperatures m Localized Infections, Proc 
Soc Exper Biol & Med 34 353, 1936 
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through these expenments has suppoited, though not conclusively, the 
belief that the inciease in local heat at the site of an acute inflamma- 
tion or infection is occasioned by the waimth brought to the site by the 
inci eased afflux of blood While the temperature of the circulating 
blood probably is dependent on cellular biochemical activity and metab- 
olism m the tissues, theie is nothing in the results of these experiments 
to indicate that these forces are augmented as producers of heat at 
the site of an acute localized inflammation or infection 

Dr M E Pickworth, of San Jose, Calif , assisted in the management of the 
experiments 
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I’LRI’OSL or THIS I^VrSTIGATION 

The secretion of fluid by the appendix of man, the chimpanzee and 
the rabbit and the de\elopment of appendicitis consequent to obstruc- 
tion of the appendical lumen in these species have been reported ^ 
Twenty-four other species of animals hav'C failed to show either secre- 
tion of fluid or development of appendicitis following obstiuction by 
ligation = 

The rabbit has proved so useful an animal in which to study the 
effects of appendical obstruction that it is believed woith while to outline 
the results of the experiments which have been done on this species 
Further, it is possible in the rabbit, in which the functional behavior of 
the cecal appendage in many respects is not unlike that of the vermi- 
form process of man, to make controlled observations which cannot 

From the Department of Surgery, University of Minnesota Medical School 

These researches were supported by grants of the Graduate School of the 
diversity of Minnesota and by a grant for technical assistance by the Works 
reject Administration, Official Project 665-71-3-69, Subproject 258 

1 (a) Wangensteen, O H , Buirge, R E , Dennis, C, and Ritchie, W P 
tudies in the Etiology of Acute Appendicitis The Significance of the Structure 

3nd Function of the Vermiform Appendix in the Genesis of Appendicitis, Ann 
i’urg 106 910, 1937 (6) Wangensteen, O H, and Dennis, C The Production 

of Experimental Acute Appendicitis (with Rupture) in Higher Apes by Luminal 
Obstruction, Surg, Gynec & Obst 70 799, 1940 (c) Wangensteen, O H , and 

ennis, C Experimental Proof of the Obstructiv^e Origin of Appendicitis in Man, 
Ann Surg Ho 629, 1939 

2 Dennis, C , Buirge, R E , and Wangensteen, O H An Inquiry^ into the 
unctional Capacity of the Cecal Appendage in Representative Birds and klammals, 

Surgery 7 372^ 1940 
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be done on man, and such observations also are of the greatest value 
in piomoting understanding of the effects of luminal obstruction of the 
appendix of man It is the special object of this paper to indicate the 
extent of the secretory capacity of the cecal appendage of the rabbit, 
the effects of obstiuction and the factors which alter secretory capacity 
and the effects of obstruction 



^ Photograph of the normal cecum and adjacent stiuctures of the rabbit 
the cecal pouch is very thin walled, coiled, about 30 cm long and in its Widest 
diameter roughly 6 cm , at the distal end it is capped by the cecal appendage (A), 
which IS sharply demarcated from the gray-green cecum by its reddish yellow 
color ai^ the lymphoid follicles which show through the thin musculans and 
serosa The appendage has an average length of 6 to 9 cm The blood suppb 
comes from the superior mesenteric vessels, a part passes down near the appendage 
in the mesenteo^ and the rest comes across the mesentery in a dozen vessels 
rom e i eum ( ) C, colon A forceps is placed on the ileocecal valve 

MATERIALS 

° hundred and thirty-five rabbits were used in the experiments reported here 
The cecal pouch of the rabbit is very thin walled, about 30 cm long and m its 
widest diameter roughly 6 cm wide, at tne distal end it is capped by the cecal 
appendage, or appendix, which is sharply demarcated from the gray-green cecum 
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Dy Its reddish yellow coloi and the lymphoid follicles which show through the 
thin musculans and serosa The appendage (fig 1) has an average length of 
6 to 9 cm , Its diameter varies from 8 to IS mm , it is about as thick walled as 
the human appendix (averaging 1 S mm in 13 cases), but the muscul uis is much 
less prominent (averaging about 20 microns in 13 cases), the rtmaindci ot the 
wall being composed of abundant l 3 'mphoid tissue and mucoaa 1 he microscopic 
appearance is shown in figure 2, there are large Ij^mpLoid \)Ih co\crtd with 
epithelium, and between these and extending o\er them are masses ot gLndulai 
and epithelial tissue on narrow pedicles The blood supply come^ irom the 
superior mesenteric vessels, a part passes do\vn near the cecal appendage in 
the mesenteiy, and the rest comes across the mesentery in a dozen \tbstls 
from the ileum 

The cecal appendage of the rabbit therefore differs from the \eimifoim piocess 
of man in haMng a larger lumen without possibility^ of spontaneous obstruction, 
a thinner musculans and a different configuration of the mucosa and lymphoid 
tissue Certain differences m cellular reaction to inflammation have been discussed 
in a report on cytologic responses ^ 

PROCEDURES 

Anesthesia was routinely induced by pentobarbital sodium given intraienously, 
except in a few short procedures in which ether was used Aseptic surgical pro- 
cedure was, of course, used throughout A doubled suture of commercial no 30 
linen was placed loosely around the base of the appendage 1 to 2 cm distal to 
its junction with the cecum, being passed between the organ and the longitudinal 
vessels in order to spare the blood supply Two fine silk purse strings were 
laid, one 5 mm from the tip of the appendage and the second 5 mm behind 
the first The tip was punctured for insertion of a glass cannula, which was 
fastened with the distal purse string, the second being used for inversion of the 
intervening OS cm of appendage over the cannula, a procedure found necessars 
to prevent leakage The contents of the appendage were washed into the cecum 
with S to 2S cc of fluid, usually 0 9 per cent solution of sodium chloride, and the 
base was obstructed by ligation of the pieviously placed ties The w'ound was 
closed, the cannula being allowed to emerge at one end In prolonged experiments 
anesthesia was usually maintained by subcutaneous injection of pentobarbital sodium 
or amytal sodium , in many cases the anesthetic was continuously administered 
together with the daily fluid and sodium chloride requirement, by an electncall\ 
driven syringe In certain cases simple ligation was performed Variations rom 
these procedures will be detailed with the results 

MICROSCOPIC CLASSIFICATION OF LESIONS PRODUCED 

The microscopic changes associated with experimental obstruction of the rabbit 
cecal appendage have been described elsewhere ® 


RESULTS 


I Pi oof of the Sea etoi y Capacity of the Rabbit Cecal Appendage 
When the obstructed, incannulated rabbit appendages were connectc 
to recording manometers, there was uniformly present a rapid rise in 
intraluminal pressure This rise was of course, more rapi witi t ic 


, 3 Buirgc, R E , Dennis, C , Varco, R L , and Wangensteen O 

Histologic Picture of Experimental Appendical Ob truction Ji 
t^a), Arch Path, to be published 
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The normal cecal appendage of a rabbit (X SO) 

i ^ A thick walled as the human appendix (15 mtn ), but the 

TomvilTJ microns), the remainder of the wall being 

MlhZierpd lymphoid tissue and mucosa There are large Ijmphoid 

of glandular a'r? Zr,VZ these and extending over them, masses 

normal h epithelial tissue on narrow pedicles 5, photomicrograph of a 

normal human appendix (x 60) The musculans ,s much more prominent than 
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use of a small volume manometei (reqmimg ejection r.i 1 cc of fluid 
from the appendage to elevate the leading 100 cm oi ^^akr) than ivith 
the use of a laige volume instrument (leqmnng ejet non ot 20 cc of 
fluid by the appendage for the same rise m pressure [fi^ ) 

When appaiatus was prepared to peimit maintenuix ni a constant 
pressure head against any secietory activity which the qjp^nnige might 
exhibit, the fluid was poured out in each of 26 expeuments pen nmeJ 
e rate of ejection of fluid by the appendage \aritd t urn 20 to 80 cc 
daily, varying primarily with the passage of time fflg 4) In cases 
of hgation and incannulation, lubber condoms ueie artacherl to the 



eannulas and dropped into the abdomens, the rabbits being allowed to 
reaver Fluid umfoimly accumulated in the condoms, occasionalh in 
cient quantity to cause evident abdominal distention 
II Effects of Ina eased InUahwunal Tension — Pathologic change^ 
the wall of the rabbit appendage occur as a result ot the rise in 
intraluminal pressure follownng hgation near the base In all cases nt 
complete obstruction in which the process was not artificialh inter- 
rupted either seepage or gross rupture occurred As has been dc=ciibcd 
or the human appendix, seepage often occurs in sufncicnt qiianm\ 

'1 Dennis, C and Wangensteen, O H Lnpublishcd dvi 
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to permit the escape of fluid rapidly enough for a fall m intraluminal 
pressuie to occui Examples of both seepage (gradual fall in pressure) 
and lupture (abrupt fall in pressuie) are shown m figure 3 Occasionally 
peritoneal sealing occurred sufficient!}' fast to permit rise of pressure 
after rupture, and in rare instances this happened many times m the 
same pieparation (fig 3^) 

The amount of stretching of the appendical wall was judged by 
change m luminal volume, which was determined at either 10 or 20 cm 




Fig 4 Changes m rate of ejection of fluid against 5 cm of water pressure 
y an incannulated, obstructed rabbit cecal appendage A, absolute amount ejected, 
rate of ejection in cubic centimeters per hour 

of M ater pi essure by attaching the cannula in the appendage to a T tube, 
one arm of which led to a volume-calibrated manometer and the other 
to a calibrated syringe Marked stretching of the wall of the appendage 
occurred as the pressure rose after obstruction, the amount of increase 
in luminal volume depending more on the duration than on the amount 
of the increase in pressure (table 1) 
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Histologic changes chaiacteiistic of acute appendicitis neie regularly 
encountered when sufficient time had been allowed to elapse after liga- 
tion That these changes were not the result of faulty technic is demon- 
strated by a series m which the appendage was ligated 2 cm distal 
to the true base and sections weie taken at the conclusion of the experi- 
ment from the segment pioximal to the tie as well as distalh (table 2 ) 
In 13 experiments significant acute appendicitis was encounteicrl in all 
but 1 specimen distal to the tie (the one exception being in a tour-hour 
experiment, neai the lower time limit for histologic changes) while 
12 ot the 13 animals either weie normal oi piesented the inconsequential 


T^ble 1 — Luminal Volume Changes During Reeoi dings of 
Rabbit Cecal Appendages 


Eabbit 

Duration of 
Evperiment, 
Hours 

Mavimum 

Pressure, 

Cm of 

Water 

Initial 

■Volume, 

Cc 

Pinal 

Volume 

Cc 

116 

9 

35 plus 

02 

25 

12a 

S 

82 

09 

4 

126 

4 

70 

38 

6 

127 

S 

41 plus 

70 

27 

136 

9 

85 

25 

4 2 

137 

29 

46 

16 

81 

142 

6 

9a 

08 

2 

1^0 

20 

40 

11 

25 

9 

146 

26 

23 (constant) 

^ot done 

149 

46 

20 (constant) 

Xot done 

25 (appros ; 

150 

29 

20 (constant) 

Xot done 

IC 

64 

152 

21 

6 (constant) 

2 C 

la7 

24 

20 (constant) 

Not done 

17 

160 

70 

20 (constant) 

Not done 

20 

Jlean 



30 

13 8 


‘“'“U initial volumes recorded in this tame are uue „ removed 

presence of the cannula and inversion over it, for when 4 water nre^ure^^ 

.’°£,‘nt“nnulated at the base without inversion the volumes at 10 cm of water pre.s 
"Sea o 3 cc 

*Detennined at a pressure of 10 cm of ^ater 


picture of serosal appendicitis ^ proximally The specimen w Inch show cd 
acute inflammation proximally show'ed gangrene distally and had been 
allowed to w^ait eight days after ligation 

In order to determine the effect of prolonged maintenance of pres- 
ume in the living appendage on the pressure required to rupture tie 
Organ, comparisons were made betw^een tlie rupturing pressures 
fbc ‘rapidly rising small volume apparatus,” with the slow j rxin^ 
l>arge lolume apparatus” (both of which ha^e been described) an 
final!}' by acutely distending normal appendages In tins manner it 
^ound that rapid deterioration of the wall occurred under the influence 
of increased intraluminal pressure, so that tlie bursting pressure 

to one half in less than twelve hours (table 3) '1 his conclusion i- 
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m agreement with that of Spelling and Wangensteen® as to the dog’s 
intestine in simple obstruction 

III Pi oof that Pathologic Changes Aie Not Due to Ligation 
Pi Opel Rathei than to Inci eased Inti alitminal Piessiae — That the 


Table 2 — Conti ol Data on Rabbit Appendicitis 



Duration of 

Microscopic 

Diagnosis of Condition 

Microscopic 
Diagnosis of Condition 

Rabbit 

Obstruction 

Distal to ligature* 

ProKiraal to Ligature* 

191 

4 hours 

Serosal appendicitis, grade 1 

Serosal appendicitis, 

192 

4 hours 

Mucosal appendicitis, group A, 

grade 1 

Lormal 

li6 

4 hours 

grade 2 

Diffuse appendicitis, grade 1 

Normal 

18J 

4% hours 

Mucosal appendicitis, group A, 

Serosal appendicitis. 

178 

9% hours 

grade 1 

Mucosal appendicitis, group A, 

grade 1 

Serosal appendicitis. 

175 

10 hours 

grade 3 

Diffuse appendicitis, grade 2 

grade 1 

Serosal appendicitis, 

197 

1034 hours 

(gangrenous) 

Mucosal appendicitis, group B, 

grade 2 

Normal 

177 

20 hours 

grade 4 

Diffuse appendicitis, grade 1 

Serosal appendicitis, 

ISl 

22 hours 

Mucosal appendicitis, group B, 

grade 1 

Serosal appendicitis, 

157 

24 hours 

grade 4 

Mucosal appendicitis, group B, 

grade 2 

Normal 

190 

2 days 

grade 4 (gangrenous) 

Diffuse appendicitis, grade 2 

Serosal appendicitis, 

194 

5 days 

Healing appendicitis, granulocytes 

grade 2 

Serosal appendicitis. 

195 

8 days 

Healing appendicitis, granulocytes 

grade 1 

Mucosal appendicitis 



(gangrenous) 

group A, grade 1, 
healing 


* Tbo ligature was placed 2 cm distal to the true base 


Table Z —Effect of Piolonged Maintenance of Elevated Intraluminal Pressure 
Bill sting Piessuies of Rabbit Cecal Appendages 


Normal Appendage 
Acutely Distended ^ 

With Small Volumo Apparatus 

With Large Volume Apparatus 

_ Pressure, 

Time 

\ r 

Pressure, 


Pressure, 

Cm of Water 

Hours 

Cm of W atcr 

Hours 

Cm 

150 

140 

120 

140 

4 

4 1 

2 

85 

90 

79 

8*4 

9% 

9% 

72 

71 

GO 


8C 

13% 

57 

43 





17% 

Mean 137% 

3 03 

85 

11% 

CIS 


pathologic changes observed were not due to ligation of the appendical 
base rather than to the secondary rise in pressure is evidenced by 2 
experiments m which the base was ligated and incannulated m the 

5 Sperling, L, and Wangensteen, O H Influence of Obstruction of the 
Strength (Bursting Strength), Proc Soc Exper Biol 6L Med 32 
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usual fashion but m which the pressuie was not allowed to use above 
5 cm m the one case and 6 cm in the other After s;\f\ -seven and 
twenty-one hours, respectively, the specimens sho\\ed incoiiscqiuntial ® 

Table 4 — Fate of Rabbit’s Cecal Appendage Subjected to s lopt Lioatinn 

Obsti tictwii at the Base 
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fi.iho 'PpcnUix had become necrotic bejond tccoenilJoa and pas ^ (.gecouc 

stroneer than the remaining bowel Numerous small pockets ot pus ana ca 

? found on cutting into this mass indicate the grade 

eroup classifications of the type A a cccoitomj prior to 

'' P indicates that the lumen of the appendix was washed through a ceco lu i 
Ob-tructlon . _ ,, ^hc^mnlmn of 


to n iriH' 


'^tructio ^ lumen oi tuc upyvfuujv — 

the CO *" ^“‘^•‘^nfbs that a window was inserted Into the othcr'?a^‘e= the 

the courso of erents - D ’ Indicates that the animal died of the disease m all otner 
- T rabbit 


none? CTcnts ‘ V ' Indicates that the animal 
,4, ytbs aero obtained surgically or by killing the 
I lienling appendicitis pith polymorphonuclears 


serosal appendicitis (t 3 ^pe I) m the one case and no inflammation 
tlie other (although there was edema of the mucosal pedicles) 

IV Effect of Simple Ligation of the Babbit Cecal Appendage — 
In order to learn the course of events consequent to simple ob-truci o 
the rabbit cecal appendage, Ijgalion near the base 'v\^s pcrfornic 
^ senes of 22 animals, and ree\aniination 'v^3S made at mtervaL i lerc 
^her karving from one hour to three months (table 4) Ma -C- ot e to 
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dense and extensi\e adhesions weie palpable thiough the intact abdom- 
inal wall in a laige number of expeuments in which eight hours or more 
had been allowed to pass after ligation, in this group perforation and 
peritonitis weie the rule With the lapse of time the appendage fills 
tensely, and aieas on the suiface become blanched and ischemic, occa- 
sionally hemoirhagic and finally often gangrenous, at about eight 
hours rupture usually occurs, releasing tension and culminating in local 
and then in general peritonitis and extensive formation of adhesions 
The microscopic pictuie is at first only that of serositis but is later more 
involved, with gianulocytes diffusely spread (diftuse appendicitis) or 
chiefl} collected m an infectious process in the mucosa (mucosal appendi- 
citis, group A) or wuth primarily an infarction of much of the mucosa 
and only secondary inflammation (mucosal appendicitis, group B) 
These changes were in general increasingly severe wuth the passage of 
time up to forty-eight hours, but at nine days healing processes were 
w'ell established Unless killed eaily, the animals almost invariably died 
of complications of the disease 

In order to check the i elation of changes in pressure to the rate of 
stietch of the appendical w'all, 4 rabbits w'eie subjected to simple liga- 
tion, and glass windows were placed in the abdominal wounds, the air 
m the abdomens being displaced by isotonic sodium chloride solution 
The changes in diameter of the appendages are illustrated m figure 5 
The dotted curve is a theoretic one, disregarding the thickness of the 
walls and based on the suppositions that the increase in luminal volume 
is constant m rate and that an hour was required to fill the appendage 
initially The closeness of the curves lepresentmg experiments in which 
rupture did not occur early to the theoretic curve justifies the supposi- 
tion that the rate of increase m volume is loughly constant until rupture 

During the expeuments with the abdominal window it was also 
possible to observe changes in the appendical w^all with advancing dis 
tention The appendix regularly was tense within an hour or tw'o, and 
shortly the whole organ became soraew^hat blanched, occasionally with 
slight movements and obliteration of first the smaller and later the 
larger lessels Peristalsis in the ileum became decreased, irregular or 
(oiten) reversed m direction at two to thiee hours, and these changes 
persisted, though activity in general diminished markedly At three 
to four hours some of the lymph follicles seen through the appendical 
w'all commenced to show petechial hemorrhages and others to become 
acutely blanched, one or two at first and then more, till at seven or 
eight hours nearly all w'ere blanched, many with petechiae about them 
At six to eight hours larger areas, 5 to 20 mm across, became obviously 
devoid of blood supply, and in other areas larger hemorrhages appeare 
Finally the ischemic areas broke dowm and bacame necrotic, and rupture 
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ensued It seems likely, therefoie, that this was a piocess ot ischtmic 
necrosis 

V Pi oof of the Absoiptwe Function of the Cecum - — The <(uestion 
arose whether the cecum as well as the appendage pours fluid into the 
lumen This was settled with a single animal by ligation oi the ceciiin 
5 cm distal to the ileocecal valve and incannulation just distal to the 
tie, a blind segment being made of the secum and appendix together 



Hours 

Fig S — Changes in diameter of rabbit cecal appendages alter ligation ob'truc 
bon at the base, measured through a glass window in the abdominal vail the 
dotted line indicates the theoretic curve obtained, assuming the rate oi vouiiic 
increase to be constant The terras “ruptured” and gangrenous rtier to t ic 
findings on laparotomy at the end of the experiment 

Oter 50 cc of fluid was absorbed in fiae hours The ligature wa- 
femoved and the cecostomv closed, the animal being allowed to recover 
rour dats later the appendage was ligated at the base and incannuhK^d 
loutinelv , the pressure rose to 95 cm m four hour' It i' thcreiOiC 
concluded that, although the appendage secretes large amount' o ^ i 
the cecum absorbs 
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VI Lad of Effect of Washing the Lumen — As it was routine 
to wash the lumen in order to remove an)^ possible fecal matter which 
might plug the cannula or the tubing, a series of 7 experiments with- 
out piehminary washing was perfoimed, parallel with a second series 
(of 14) m which each lumen was washed initially with 10 to 20 cc of 
0 9 per cent sodium chloride solution When experiments of similar 
duration and with similar piesstire were compared, no clear relation 
was found between cytologic icaction and preliminaiy ^\ ashing 

VII Influence of Ceitam Dings on the Seci eiion Rate of the Rabbit 
Cecal Appendage — On the assumption that late of rise in pressure is a 
measure of the rate of secretion of fluid, the eftects of a number of drugs 
were examined with the aid of the recording manometer In some 
cases comparisons were possible with the findings at laparotomy at 
various intenals attei simple ligation and with various time relations 
between ligation and admimstiation of tbe drug In addition, the vol- 
ume of fluid collected in an intraperitoneal balloon (see the foregoing 
sections) connected to the obstructed appendage in a given interval 
alter operation and administration of the drug offered a measure of the 
effect of that drug 

Pitressin pilocarpine, atropine and epineiDhrine ivere studied only 
in single instances with the recording manometer, and no distinct effect 
ivas encountered except foi slowing of secretion by 0 5 cc of epinephrine 
hydrochloride (1 1,000) given subcutaneously, at the conclusion of this 
experiment, thirty hours later, the entire mucosa was necrotic Topical 
applications of 1 per cent pilocarpine hydiochlonde resulted in con- 
traction of the appendical musculature The effect of doses of magnesium 
sulfate var) mg from 0 5 to 2 Gm , given by stomach tube, was explored 

kymograph m 4 cases, with no conclusive evidence 
of effect on secretion late 

Fifteen per cent sodium chloride solution m doses of 0 33 Gm of salt 
per kilogram of body weight was injected intravenously because of 
sti engthening of peristalis which this medication produces On 
t e asis of 1 of a total of 3 experiments, it w'^as suggested m the pre- 
iminary report “ that an accelerating effect might be present Further 
kwmographic studies, how^ever, show no such effect (fig 6) as compared 
to a senes of control experiments (fig Z A) , they suggest, on the other 
hand, a delay of commencement of rise in pressure for one and one-half 
to two hours Thirteen rabbits were subjected to simple ligation of the 
ceca appendage, and the hypertonic saline solution was injected at \arious 
times from an hour before ligation to four hours after, the animals being 
killed at intervals from five to ten hours after operation, the findings 
were closely parallel to those of control experiments (table 5) except 



DENNIS LT AL— ACUTE APPLNDICmS 


941 


that sciosal tcais occinicd carlici in the animals ticaied b\ injection 
than in the contiols Expciiments with collection of (liiid in an mtia- 
peritoncal balloon sho\\cd no eft eel from intia\cnous hyjjci tonic saline 
solution (table 6) 

It was consideicd that the deciease in time till the sciom toie alter 
intra\enous injection of 15 pei cent sodium chloiide mnjbt be due to 
secretion of some of the excess chloride into the appendix and the passage 
of fluid with It, however, chloiide detciminations weie made on the 
fluid from the five, six and se^cn houi expeiimcnts, and the mean \ allies 
were not alteied (499 mg pci hundred cubic centimeters for the con- 
trols and 493 mg for the experimental fluids) Three animals gnen 
25 cc of 09 pci cent sodium chloiide each at the time of ligation showed 
serosal tears at five and seven houis and lupture at six houis, in these 
the mean chloiide content was 574 mg pei hundied cubic centimeteis, 
significantly highei than that of the controls (piobable eiror 37 mg 



Fig 6 — Effect of intravenous hypertonic sodium chloride solution on the rate o 
rise in pressure in the obstructed, incannulated rabbit cecal appendage (Apparatus 
1 cc =100 cm of water ) The arrows indicate the time of injection (see figure 
3 ^) 


per hundred cubic centimeters for experiments with saline solution , and 
28 3 mg per hundred cubic centimeters for controls) 

Castor oil m doses of 20 to 30 cc , given by stomach tube, produced 
no alteration from the result for controls in 1 kymogiaphic experiment 
or in 4 experiments with simple ligation in which the drug w^as admin 
istered at four and one-half hours and the animals w^ere killed at ten 
hours, but 5 experiments ivith the intraperitoneal balloon technic showed 
that significantly less fluid had been ejected m six to seven hours than 

in the control experiments (table 6) 

In 2 kymographic experiments, croton oil m doses up to - cc 
resulted m an elevation of the rate of secretion slightly aboie that o 
nny of 8 controls, but 9 animals given 0 1 cc into the jejunum an su 
jected to simple ligation presented findings identical w'lth those for t le 
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contiols at five, six and seven hours, 4 animals gnen 0 2 cc four and 
one-half hours aftei ligation piesented findings identical i\ith those ot 
controls at ten hours, and, finally, 4 animals given 0 2 cc at the time of 
insertion of the balloon and ligation showed ejection of fluid at essentially 
the same rate as 5 controls (table 6) 

Table 5 — Effect of hUiavenous Injection of Five Cubic Centimeters of Fifteen 
per Cent Sodium Chlonde Solution on Events After Ligation 
Obstruction of the Cecal Appendage of the Rabbit 


Injection Injection Injection 

1 Hr Injection i Hr 4% Hr Controls 

Duration Belore at 1 ime Liter Alter / ' 

Hours Ligation of Ligation Ligation Ilgntion A B 


•j 

b 

7 


lOH 


10’4 


ICi'. 

lOH 


Serosal 

tear 

Serosal 

tear 

Gangrene. 

rupture 


Tense 

Very tense 

Scro=aI 

tear 

Serosal 

tear 

Tense and 
hemorrhagic 

Serosal 

tear 

Strosdl 

tear 

Rupture 


Lense, but no 
rupture 

berosnl tear, 
rupture, gnn 
grene 

Tcn'c, grosslc acute 
appendicitis 

Tense 




Lcute np 

pendicltis, 

rupture 

Acute appendicitis, rupture 




Acute np 
pendicitis 
rupture 


Pale, tense 




Acute np 

pendicitis, 

rupture 

Acute appendicitis, rupture 




Acute np 

pendicitis, 

rupture 

Acute appendicitis, rupture 


T 6 Effect of Hypei tonic Intiavenous Saline Solution, Croton Oil and Castor 
Oil on the Rate of Fluid Ejection by the Ligated Rabbit Cecal Appendage 
^^tto an lutra-Abdommal Balloon 


Controls 

Given 5 cc of 15% sodium chloride 
intravenously 
Given 0 2 cc of croton oil 
Given 20 ce of castor oil 


of 

Rabbits 


Mean Time 

Mean 

Mmimum 

TiU Rabbit 

Volume 

Volume 

Was Killed, 

Collected, 

Collected, 

Hours 

Cc 

Cc 

63 

22 4 

17 

73 

24 

15 

81 

25 

17 

66 

15 8 

5 


Volume 

Collected, 

Cc 

27 

46 

32 

24 


VIII Lack of Effect of Age of Animal on Sectehon Rate — Four 
old animals were obtained with considerable difficulty, and the rate of 
tested with the apparatus requiring ejection of 1 cc 
ui or t e recording of each 100 cm of rise in watei pressure 
iwo animals 2 years old and 1 animal 3 yeais old fell m the high 
norma range of the controls shown in figure 3 A (the controls were 
animals less than 1 year old, the life span of domestic rabbits is about 
eight j^ears) In 1 animal, 5 years old, the rate of rise in pressure was 
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12 cc per lioin, at tlic lowci limit foi the conliok, but tcclinical difficul- 
ties cast doubt on this finding Mitioseopic examination of these 4 
appendages showed no 'Significant diftcicnce m amount of Ijmphoid 
tissue fioin tlio'se of eoimgci animals 

IX Lffccf oj Appcn(Uco<:tovty on Sccitloy Rate — In 2 animals 
appeiidicostoim with dclaeed (clcecnth d.n ) opening ot the tip w'as 
pertormed, the fislul i theicaftei being kept open b}' cannula Four 
da\s after opening to the outside the appendages w'^eie ligated at the 
base and incanmilatcd at the tip foi k}mogiaphic lecoiding In 1 the 
Cline of piessuie use fell m the eentei of the contiol lange showm in 
figure 3 4, in the other it rose to 48 cm in foiii and one-half hours 
four dajs after opening of the tip, and to 63 cm in foui and one-half 
hours sc\en dajs after opening of the tip In both instances it rose 
more slowl}' than the slowest ol the control gioiip 


Tujle 7— Effect oj Prc-. 

Ill the 

:tous Elctaltons oj Pressure on Rale oj Piessinc Rue 
Obihuctcd Rabbit Cical Appendage 

Pressure Rise 

Volume 

Removed from 
Appendage In Pall 

a ime Required for Rise from 40 to 7 

^0 

from 7 to 40 Om of Water Cm , Cc 

1 

1 hr oO min 5 

o 

1 hr 32 mln 5% 

3 

2 hr IS min 5% 

4 

5 hr oO mm 5 

0 

railed 

tS?®’ rice was slon, rcnclifne 21 cm In 1 hours and then falling: slowly during 6 more 
- ine appendage was found somewhat stretched and also ruptured 


In 2 rabbits appendicostoinies were made at the conclusion of 
recording experiments, the pioximal ends lemainmg obstructed In 
both the drainage w^as w'atery foi two to three w'eeks and mucoid foi 
another hvo weeks, aftei which time the stomas closed completely With 
closure, the animals became ill and inactive, one dying two months, and 
die other two and one-half months, aftei appendicostomy At autopsy 
there was abundant purulent and caseous exudate in the peritoneal 
cavities of both of these animals , in 1 the appendix could not be found, 
^nd in the other it was a necrotic, foul mass It is evident, therefore, 
ffiat, although the amount of secretion may deciease somewhat, enough 
remains to invoke a fatal series of events on closure of the stoma 

^ ^ff^ct of Previous Elevations of Piesswc on Rate of Ptessme 
in the Obstuicted Rabbit Cecal Appendage —E>>.penments were 
one on 2 animals to determine the effect of a previous rise in piessuie 
^0™ 7 to 40 cm of water on the subsequent rises over the same range 
or this purpose a siphonage apparatus ivas arranged which lowered 
^ 1 C pressure to 7 cm automatical!}^ after it had reached 40 and meas- 
ured the volume of fluid removed from the appendage in so doing 
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Both experiments showed a slow rise after the second siphonage One 
showed at the end that marked stretching of the wall had occurred, and 
the other showed almost no stretch The first of these is shown m table 
7 Diffuse appendicitis was encountered in each case 

XI Effect of Ptolonged Ptessiites at Fixed Levels on Rate of 
Fluid Piodnchon by the Ohstiiicted, Incannulafcd Rabbit Cecal 
Appendage — It seemed at least equally important to determine the 
effect of fixed pressures at various levels on the rate of secretion of 
fluid and incidentally to determine the height of pressure required to 
incite an inflammatory reaction For this purpose 5 experiments were 


Table 8 — Effect of Prolonged Pressures at Fixed Levels on Rate of Fluid 
Production by the Obstructed, Incaiinulated Rabbit Cecal Appendage 


Rabbit 

Pressure, 
Cm of 
Water 

Decrease In 
Secretion 
Rate with 
Lapse of 
Time 

Duration, 

Hours 

Microscopic Diagnosis 

159 

5 

Yes 

07 

Serosal appeniJicitis, grade 1 

152 

0 

Yes 

21 

Normal • 

8201 

10 

Yes 

9 

Mucosal appendicitis, B1 

S20 4 

10 

Yes 

29 

Mucosa] appendicitis, Bl 

S20 0 

10 

Yes 

74 

Postmortem autolysis 

S20S 

10 

Yes 

23% 

Mucosal appendicitis, B3 

S20 2 

10 

Yes 

03 

Mucosal appendicitis, E4 

S20 5 

10 

Yes 

72 

Diffuse appendicitis, gr 1 

124 

20 

No 

23 

Mucosal appendicitis, Bl 

w 

20 

No 

40 

Mucosal appendicitis, B4 (gangrene. 

160 

20 

Yes 

53% 

rupture) 

Mucosal appendicitis, B4 

146 

23 

Yes 

25 

No section 

103 

40 

Yes 

12 

Mucosal appendicitis, Bl 

164 

40 

Yes 

23 

Mucosal appendicitis, B4 

12 rabbits 

40 

All Yes Average 15 2 

All grossly acute 


* Although the appendage in this experiment showed no changes which fit our classifies 
tion of appendicitis in the rabbit, there was edema of the mucosal pedicles extending np betwo-u 
the lymphoid riUl 


performed with an appropriate kymographic recording apparatus, and 
21 additional experiments, planned primarily for collection of fluid at 
divers pressures (to be reported), provided further data on changes 
in rate of secretion The volume measured in such experiments repre- 
sents the rate of ejection rather than the late of secretion, the difterence 
being the change in luminal volume due to sti etching of the appendical 
wall The findings m 1 of the experiments with kymographic recording 
are presented in figure 4, in this instance the increase in luminal vol- 
ume was less than 5 cc (insignificant in comparison to the changes m 
rate of ejection), and the rate of net transfer of fluid into the appendical 
lumen therefore decreased with the lapse of time 

The 26 experiments offering evidence in this connection are pre- 
sented in table 8, all but 2 of this group showed a decrease in rate of 
secretion w'lth the passage of time Ten centimeters of sustained mtra- 
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luminal pressure icsullccl in 4 of 5 eases piiinaiiK in infaiction of the 
mucosa, 6 cm of ualcr pi cosine led to edema and some disoic^anization 
of the mucosa but no clnnge sextic enough to fall into oui classifica- 
tion, and 5 cm caused no einngc In 12 of the 13 micioseopically diag- 
nosed lesions the changes consisted of infaiction of the mucosa (mucosal 
appendicitis, group B) \\ith oi without secondan gianuloc\tie ln^aslon 
XII CffccI oj Catha}<;is at the 'June of Rupiuic on tlu CoiDse of 
the Disease — In an attempt to test the facloi ol intcifeiencc with adhe- 
sion formation 4 labliits were gneii 0 2 cc ot cioton oil on tlie tongue, 
4 were gnen 30 cc of castoi oil b} garage and 4 weic gnen 10 cc of 
15 per cent sodium ehloiidc intiarenoush at the time ol simple ligation 


Table 9— Effects of H\ per tot tc luira- HiOus Saline Solution, Ctoton Oil and 
Castor Oil on Surt'izal oj Rabbits , If ter Liffalioii of the Cecal Appendage 



Rabbit 

Survival 

I’erlod 

Gross 1 ladings 

Controls 

'Ol 

H elnj*; 

Rupture nbsccss 


SOI 

2 dnjs 

Rupture acute Inflnmmntlon 


coo 

2 (Injo 

\cutc appendicitis, multiple 

Given 0 2 ee 

310 

7 <ln>s 

ruptures 

Rupture nbsccss 

'’0(2 

2 dnjs 

Rupture, ncutc appendicitis 

ol croton 

•’OT 

17 doj s 

Itupturc nb'cess 

on 

SII 

11 dnjs 

Rupture nbsccss 

Given SO cc 
ol castor 
oil 

SIS 

S hours 

Rupture, ncute appendicitis 

303 

10 dnjs 

Rupture, abscess 

SOS 

3 dnjs 

Rupture nbsccss 

312 

CO dnjs 

KormnI appendix 

Given 10 cc 

310 

G hours 

Rupture, ncute appendicitis 

305 

Killed nt 

Mucocele 

ol l*l7o^aa 
Intraren 

300 

120 dnjs 

11 dnjs 

Rupture abscess 

ously 

313 

2 dnrs 

Rupture acute appendicitis 

■ ■— 

317 

07 dnjs 

Mucocele 


the true base of the cecal appendage These medications caused 
increased numbers of stools but no diarrhea The average survival 
Period of 4 control animals was six and one-fourth days , the average 
survival period of those given croton oil was seven and one-half days , 
of those given castor oil was eighteen days, and that of 3 of those 
^'^^en hypertonic saline solution was twenty-six and two-thirds days, 
^ 6 fourth being killed at one huiidied and twenty-nine days Of par- 
■cular interest is the observation that, although the average periods of 
survival were longer after croton oil or castor oil than m the control 
group, 1 rabbit of each of these groups given a cathaitic survived eight 

ours or less, a more rapid death than was ever seen in control animals 
(table 9) 


Studies Involving Ti aiiniatization oj the Mucosa Wells 
^ ^^Ported a series of experiments concerned with appendicitis in the 

Siirw Q Experimental Lesions of the Rabbit’s Appendix, Bnt J 

24 96^ 1937 
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rabbit and concluded that obstruction by ligation occasionally results 
in mucocele toimation with masses palpable through the abdominal wall, 
but “that the only experimental proceduie which consistently produced 
acute appendicitis was obstiuction to the lumen of the appendix com- 
bined with damage to the mucous membrane ” He accomplished that 
traumatization eithei by ciushing the appendage between the fingers ' 
01 by transfixing one wall with a needle and scratching the mucosa of 
the opposite wall In view of this wide difference of opinion, it seemed 
worth while to repeat his procedure, also with some variations 

In 2 appendages the walls were rubbed and crushed between the 
fingers, the wounds weie closed and the animals were allowed to awaken 
The specimens, removed seven and one-half hours later, showed mucosal 
appendicitis, group A, grade 3, and diffuse appendicitis, grade 2, 
respectively 

In order to evaluate the effect of tiaumatizmg the mucosa by 
scratching with a needle in combination with ligation, a series of 8 
labbits was so treated beside a series of 8 controls, 6 of each being 
opened at inteivals from one hour to two days and 3 being allowed to 
live till killed by the disease (including 1 opened aseptically at one 
hour) Although 4 of the control series presented masses palpable 
through the abdominal wall after eight hours, no masses were to be 
found in the expeiimental senes Rupture or leakage through the site 
of the needle holes occurred in 2 instances, in animals dying at twelve 
and thiity-eight days, respectively The microscopic observations were 
still within normal limits at four hours in the controls, but the trauma- 
tized four-hour appendage and all subsequent ones showed advanced 
changes, with diffuse involvement at the needle holes The only mucocele 
in either series occuried in 1 of the animals treated by the Wells 
technic which died at tliirty-eight days, but in the only control rabbit 
to live for this length of time the appendix could not be found, and 
caseous exudate abounded in the peritoneal cavity 

In order to be certain that no possible point of diffeience was being 
overlooked, the changes in pressure also were investigated by Wells s 
scratching technic Five animals were subjected to ligation, scratching 
of the mucosa, incannulation and pressure recording, m addition, 5 
animals were similarly treated except that the mucosa was curetted with 
a fine bone curet instead of being scratched The records were within 
the limits ot variability for the controls shown m figure 3 except for 1 
of the currettmg experiments in which most of the mucosa was remo\ ed , 
only m this case was the rate of rise m pressure slow and the ultimate 
pressure below that recorded for the controls 


7 Personal communication to the authors 
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With regard to mucocele toimatioii, we ha\c been able to pioduce 
this condition \\ilh simple ligation onl) if the tic is looselv placed, with 
this technic mucocele has been pioduccd on each of 'i trials 

For these reasons \\c find it impossible to coiioboiatc Wells in his 
opinion that operatne tiauma to the mucosa as well as ligation olistruc- 
tion of the lumen is nccessan* to the development of aciilc appendicitis 
in the rabbit 


COMMl M 


In the preceding pages it has been show n that the cecal appendage 
of the rabbit secretes fluid in large amounts and is capable of secreting 
against a prcssuie of about 100 cm of \\atci When the base is 
obstructed, the intraluminal prcssuie is eleeated bj this outpouring of 
fluid, and acute appendicitis dc\ clops in four to si\ houis with rupture m 
c'ght, the process going on to peritonitis, abscess formation, widespread 
adhesions and ultimatch death of the animal It has been shown, fuither- 
more, that this process is sold}' the icsull of increased jjiessure, foi the 
same technic w ithout tightening of the obstructing ligature oi the same 
technic with escape of the fluid at 5 cm of pressure through a cannula 
placed at the tip did not result m any of these changes but rathei 
in simple low grade scrositis fiom handling the peiitoneal cost The 
demonstration of Fischei and Kaisciling® that the lymphatics from the 
rabbit cecal appendage run chiefly across the mesentery malces it unlikely 
that lymphatic obstruction is a factoi 

The production of diffuse polymorphonuclear invasion of the 
nppendical w'all, ■with changes fitting into the classification of appendical 
lesions w'hich can be produced by obstruction alone has been shown to 
he achievable by direct trauma, but rupture did not occur in the absence 
of hgation 


In a group of experiments in which the intraluminal pressure was 
niamtained at a constant level, the predominating lesion was found 
to be infarction and necrosis of the mucosa with varying degrees of 
granulocytic infiltration In 1 experiment, in which the pressure was 
loaintained at 6 cm for twenty-six hours, microscopic examination 
showed edema and some disruption of the glandular layer without 
either granulocytic infiltration or actual infarction Further evidence 
of the nature of the process is obtained by the use of windows in the 
abdominal wall, this type of observation demonstiates that the primar} 
ehange after distention is interference with the blood supply 

In \iew of the experimental findings which have been discussed in 
paper and elsewhere,^ it is seen that the acute appendicitis following 
*gation at the base of the cecal appendage of the rabbit must deve op 


8 Fischer, E , and Kaiserling, H Die expenmentelle lymphogene allergisch- 
PErergische Appendicitis, Virchows Arch f path Anat 297 , 
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as follows Increased mtialummal pressuie places tension on the appen- 
dical wall with consequent pinching off of some of the vessels and 
resultant foimation of foci of ischemic necrosis, offering a weakened 
aiea through which ruptuie may occur and an open field for whatever 
bacteria happen to be piesent Although Boweis® has demonstrated 
that mci eased pressure m a steiile hollow viscus can produce granulocytic 
infiltration, the infiltiation m experimental appendicitis in rabbits is 
piobably secondaiy to bacteiial invasion It has been shown that there 
IS always a greater or smaller number of bacteria in the tissue of the 
rabbit appendage and that sections from healthy animals often reveal 
foi this reason the presence of a few granulocytes® We have seen 
rupture occur in the rabbit twelve hours after obstruction without sign 
of granulocytes when very few bacteria could be found on Giam-stained 
sections 

That secretion m the true sense of the word, rather than transuda- 
tion secondary to obstruction of venous circulation, is the decisive factor 
in the appearance of fluid in the lumen is strongly suggested by the 
occurience of this transfer against any level of pressure and by the 
failuie of fluid transfer in two dozen other species investigated® 

CONCLUSIONS 

1 Simple ligation obstiuction of the rabbit cecal appendage results 
in acute appendicitis presenting all the pathologic manifestations of the 
human disease 

2 The pressure wuthm the appendical lumen rises aftei obstruction 
at the base, and this rise is lesponsible for the development of appen- 
dicitis 

3 The lowest maintained piessure required to initiate the changes 
chaiacteristic of acute appendicitis is about 10 cm of water 

4 The late of fluid secretion is slowed by prolonged pressures at 
fixed levels 

5 The more advanced the appendicitis, the lower the pressure 
required to cause rupture of the organ 

6 The effects of various drugs on the rate of secretion of the cecal 
appendage of the rabbit were tested None had a marked effect except 
epinephrine, which stopped the flow 

7 No cathartics studied Avere found to alter the course of develop- 
ment of acute appendicitis appreciably, but m some instances death 
A\as apparently hastened because of inability to localize the infection nr 
the abdomen 


9 Bowers, F The Role of Distention in the Genesis of Acute Inflamma 
tion of Hollow Viscera, Am J M Sc 194 205, 1937 



PAPILLARY C\RCINOMV OF 'HIE P1:L\ IS 
OF 'llli: KIDNEY 

H\RR\ C SALIZSTEIV, MD 

\ND 

DOX\LD C BEWER, MD 

1)1 TROIT 

The general facts and clinical details conccinmg tumois of the pelvis 
ot the kidne\ aie well known Though such tumors aie laie, thcie 
ha\e been se\eial icMews of senes of cases, and each 3cai there have 
been isolated case repoits rcenipliasi/ing this knowdedge 

There were apparentl} 218 cases leported in 1927, and fiom then 
until 1932 theie were 30 additional cases (Alackenzie and Ratnei 

Tumors of the renal pelvis constitute fiom 1 to 10 per cent of all 
renal tumors Fnc per cent is the aveiage figuie usually stated There 
are two varieties the squamous cell tumors, which are the raier and 
of which the literature contains only about 60 cases (ITiggms"), and 
the papillarjf tumors, which compiise three fourths of the total numbei 

The squamous cell giowths aie the moic malignant They are 
usually grade 3 or 4 (Broders' classification), aie frequently accom- 
panied by stones and chronic inflammation, spread rapidly through the 
substance of the kidnc) and arc often hopeless, ha\ing already metasta- 
sized at the time the diagnosis is established Nephiectomy is the 
indicated treatment, but no patient has lived fi\e years free fiom 
uietastasis, and the average duration of life is six to nine months 

By contrast, the papillaiy growths are the least malignant of all lenal 
tumors (Hunt,®“ Hunt and Hager ='^) Gross, sometimes profound 
hematuria dominates the clinical picture w'lth less emphasis on stones 
uud pyuria If the growth obstructs the pelvic junction of the ureter. 

From Alercy Hall and Woman’s Hospital 

1 Mackenzie, D W , and Ratner, M Tumors of Renal Pelvis Review of 
Literature and Report of Case, J Urol 28 405, 1932 

2 Higgins, C C Squamous Cell Carcinoma of Kidney Pelvis, Tr Am A 
Genito-Urin Surgeons 30 13, 1937, Arch Surg 38 224 (Feb) 1939 

3 (a) Hunt, V C Papillary Epithelioma of the Renal Pelvis, J Urd 18 

225-246, 1927, Method of Metastasis of Papillary Epithelioma of the Renal Pelvis, 
S Chn North America 9 853, 1929 (h) Hunt, V C, and Hager, B 

Renew of Two Hundred and Seventy-One Cases of Malignant Renal Xeoplasms, 
'bid 9 i49_ jg29 
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there is pain fiom hydronephrosis Distention of the pelvis of the 
kidney may produce a large lenal tumor 

Pathologically the tumors are usually graded 1 oi 1 minus and are 
analogous to papilloma and papillaiy carcinoma of the bladder, having 
the same propensity for spread and reappearance in other portions of 
the genitouiinary tiact Accordingly, one finds m the literature the 
same discussion of pathologic malignancy or benignancy (Wenvath^), 
with the same geneial conclusion that “microscopic benignancy does not 
insure innocent behavior” and the ivarning that the original treatment 
should be radical 

The tumors spread down the submucosa of the ureter to the bladder 
Only at a very late stage are the outer coats of the ureter involved 
(Kimball and Ferris, Lower 

TREATMENT 

In 1919, Judd® did a nephrectoni} uith paitial ureterectomy for a 
papillary carcinoma of the pelvis of the kidney The patient was well 
for nine months, then there was a recun ence of hematuria, and three 
or four months later the lower poition of the uretei and the adjacent 
vesical mucosa weie resected There was a cauliflowei-hke mass }i 
inch (1 9 cm ) m diametei at the left ureteral meatus Before Judd’s 
report was published, C H Mayo had a patient in whom he fulgurated 
a papilloma at the uieteral onfice Thiee weeks later another attack 
of severe hematuria called attention to a papilloma m the renal pelvis 
above Judd strongly advised lesection of the entire ureter with exci- 
sion of the adjacent portion of the bladdei, stating that nothing less 
radical was sufficient 

Beer - m 1921, Hunt m 1927 and 1929, Kimball and Ferris “ m 
1934, Walters and Braasch « m 1935, Smith “ m 1938 and others have 
emphasized total lesection of the meter togethei with a portion of the 
wall of the bladdei as the indicated treatment 

4 Vlerwath, K Zur Frage der “Gutartigkeit” \on Nierenbeckenpapdlomen, 

Zentralbl f Chir 64 2890, 1937 

5 (a) Kimball, F N , and Ferns, H W Papillomatous Tumors of the Renal 
Pehis Associated with Similar Tumors in the Ureter and Bladder Review of 
Literature and Report of Two Cases, J Urol 31 257, 1934 (fi) Lower, W E 
Neoplasms of the Renal Pehis w'lth Especial Reference to Transplantation m the 
Ureter and Bladder, Surg, Ginec & Obst 18 151, 1914 

6 Judd, E S Papillary Tumors of the Pelvis of the Kidne\, Journal-Lancet 
39 247, 1919 

7 Beer, E Aseptic Nephro-Ureterectemy Technique and Indications, J A 
M A 77 1176 (Oct 8) 1921 

8 Walters, W, and Braasch, W F Nephrectomy and Nephro-Ureterectomj 
for Malignant Tumors of the Kidner, Am J Surg 28 23, 1935 

9 Smith, G G Surgen of Renal Tumors, J Urol 39 308, 1938 
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Nevertheless, in a laigc piopoition of the cases which have since 
been reported nephrcctonn \\ith oi ^\llhout paitial uieteiectomy, has 
been performed Isolated lepoits of cases in which nephiectomy was 
the only treatment still appeal (Fiit/ , Mackenzie 

Kimball and Feins " in 1934 weic able to collect 74 cases in which 
the growth was both in the lenal pchis and in the uietei oi the bladdei 
In 40 of these primai}' nephrcctomv onh had been done Theie was 
recurrence in 30 Eight} -six pci cent of all iccuiiences appeal in the 
remaining ureteral slump and in the poition of the bladdei adjacent to 
the ureteral orifices 

After primal} nephiectomy for papillai} caicinoma of the renal 
pelvis, with partial amputation of a haimless-lookmg uietei, theie may 
be an immediate change from a benign to a malignant giowth (Judd “) 
Ureters which in urcteiograms ha\e shown no evidence of tumoi tians- 
plants may show extensive grow^ths within a few months aftei nephiec- 
tomy (Smith '*) Secondary ureterectomy may therefore be difficult 
because of dense adhesions and infiltration The growth in the pelvis 
of the kidney may be small, w’lth eaily and extensive involvement of 
the ureter and the bladder (Hinman Neiertheless, unless the mass 
IS densely adherent and is hopeless from a suigical or a pathologic point 
of view', it IS always worth doing In roughly one third of Kimball and 
Ferns’ collected cases secondary uieteiectomy was performed with 
beneficial results 

It IS apparently not sufficient to take out the uietei, “funnehng out 
the intramural portion and closing ovei the vesical w'all at this point, 
although such a procedure was advocated by Caulk as recently as 
1937 The vesical w'all for a distance of 1 cm about the vesical orifice 
must be excised The leason is the fiequency w'lth which tiansplants 
occur at the mouth of the ureter oi adjacent to it Hunt,-'^ Cabot, ^ 
Beer,‘ Smith® and otheis have stressed the impoitance of the intra- 
mural portion of the meter In one thud of Hunt’s cases “a tuft of 
tissue was seen projecting fiom the ureteral oiifice and there was definite 
extension of the lesion to the area of the bladdei immediately adjacent 
^he urete ial orifice” In Cabot and Allen’s “ series, 19 patients on 

Pritz, L H Papillary Carcinoma of Renal Pelvis, J Iowa M Soc 27 163, 

11 ^Mackenzie, D W Papillary Growths of the Renal Pelvis, Canad M 
A I 30 509, 1934 

11a Hinman, F The Principles and Practice of Urologj', Philadelphia, W B 
t^aunders Company, 1935, p 1018 ^ ^ 

12 Caulk, J R Tumors of the Renal Pehis and Ureter, Tr Am A Genito- 
Surgeons 30 51, 1937 

13 Cabot, in discussion on Caulk 

I'l Cabot, H, and Allen, R B Epithelioma Primarv in Renal Pehis 

eport of Fort} -Five Cases, Lancet 2 1301, 1933 



952 


ARCHIVES OF SURGERY 


whom total resection of the uretei with segmental resection of the 
adjacent vesical ^^all was done had 50 per cent longer postoperative 
life than 26 on whom nephrectomy and partial ureterectomy were per- 
formed Similarly, Smith ® noted that in 6 of his 7 cases of ureteral 
growths there was tumor either m the intramural portion of the ureter 
or arising from the ureteral meatus 

There have been cases in which the growth repeatedly recurred in 
the bladdei after complete nephrectomy and ureterectomy and the patient 
was kept alne by lepeated fulgurations and segmental resections of 
the bladder (Patch and Livermore^®) 

The tollowing case report illustrates the benign course of papillary 
carcinoma of the lenal pelvis (duration, ten years), the slow progression 
down the ureter and bladder and the eventual general metastatic spread 
ot this low grade tumor Also, the patient received treatment for 
\esical carcinoma in three hospitals w’lthout knowledge that the ureter 
was still in situ and involved in the tumor At autopsy the renal pouch 
and the ureteral bed w'ere still free from cancer, although the abdom- 
inal cavit) was riddled wnth it, probably owing to extension via the 
bladder 

The historj of this case has been pieced together from the records 
of eight admissions to seven Detroit hospitals 

REPORT or C'lSE 

George A , a man aged 46, w’as admitted to Mercy Hall on Feb 2, 1938 

Hwloiy—In the summer of 1928, at the age of 38, he had an attack of hema- 
turia In December there w^as intermittent abdominal pain It wras not definitely 
localized but recurred oftenest m the epigastrium, the hv'pochondnum and the 
lumbar region, in each instance on the right 

In ilay 1929 there was hematuria (almost pure blood) accompanied by some 
distress referable to the bladder 

Examination m the same month re\ ealed cardiac dulness over an area of 2 5 by 
10 5 cm and a blood pressure of 144 systolic and 86 diastolic The urine gave a 
1 plus reaction for albumin and contained 68 white blood cells per high power 
field and a few red blood cells 

Cvstosccpic examination at that time revealed that the vesical urine contained 
some red blood cells The first drops from the catheterized right ureter were pure 
blood , the remainder of the urine was clear 

The dje (phenolsulfonphthalein) did not appear m the right side after fourteen 
mmutes and w'hen it appeared was very pale On the left side it appeared m 
three minutes Three attempts to introduce sodium iodide into the right renal 
pehis were onij partially successful Roentgen examination showed a somewhat 

globular shadow m the right renal area The diagnosis was tumor of the right 
Kiane\ 

Xephrectomv was performed on the right side m June The operation record 
stated “The usual lumbar incision was made The right kidney was somewhat 

15 Patch, F S, and Lnermore, G, in discussion on Caulk 
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large but appeared noriinl except tlial the pchis filled with a soft tumor mass 
The kidnej and pehis were iemo\cd The pedicle was ligated with no 2 catgut ” 

Tile gross specimen showed “a papillomatous new' growth extending from the 
pelns upward toward the coilex The growth extended outside the pehis as well 
as within " 

Microscopic examination showed “a papillai\ epithelial new giowth of verv 
uniform, not particularly anaplastic, pattern, on a nariow' hjahmzed stem There 
were also some tubular nephrosis and glomerular congestion in the substance of 
the kidney” 

The pathologic diagnosis was “papilloma of the light kldnc^, grade 1 mahs- 
nanej " 



and fUI ft (surgical specimen, 1929) The renal pelvis is dilated 

pa h ^ papillary growth derived from the pelvic epithelium The renal 

nc yma is atrophic around the growth but is essentially not invaded by it 


T'Vi 

patient was well for two years after this operation , then he began to 
mod ^ tissue, blood and pus” in the urine Since 1934 there had been 

from the bladder Since 1935 he had become progressively 
chokin^ ^^SS became tired easily, he had to rest frequently, there was a 

Q S sensation m his chest and there was dizziness wdien he arose suddenly 

card " admitted to another hospital There was evidence of 

‘ovascular disease (mitial murmur transmitted to the axilla and to the apex 
I’adi'^"' midlme) Papilloma of the bladder was diagnosed, and five 

urethm were inserted into the bladder (for twelve hours) through the 

(tb^fo^^t^) growth m the bladder was fulgurated at still another hospital 
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On July 17, 1937, 

” <» - 

^ized implants on the wall of the bladder 

On August 26 a cystoscopic procedure was done A specimen renio\e 

diagnosed as carcinoma of the bladder A 

On September 25 a suprapubic c^stotomv was done ^ f * ^ The 
large pedunculated tumor from the left side of the trigon was u^s 

pedicle was severed u.th the electric knife The remainder of the pedicle uas 
remoied to the submucosa, and that area was coagulate 

Theie was a steady pam down the left leg, unrelieved by change in 
On October 1 he was admitted to a si\th hospital The heart " ^ 
enlarged, and there were marked evidences of hj pertensive disease , . ^ 
study showed three papillary granulomatous masses on the base of t 
These were fulgurated Roentgen study showed diffuse destruction o 
the left acetabulum and ilium He was transferred for palliative ngi v » 
roentgen therapv and was dischaigtd fioni the hospital (the seventh) on e 

ber 19 tr u 1P38 

On ms admission to Herev Hall (the eighth hospital), on Fe , > 

there were severe backache and pam down the left leg There was , 

also in the suprapubic region Examination showed the patient to be rat ler s 
with marked caidiac cnlaigenent and with other evidences of hypertensive i 
and rales in the bases ot both lungs The pain in the back increased, as i 
hematuria On March S he became drowsy and irrational, had hiccuos 
graduallv sank into coma He died on March 10 

Summary of Case — The patient had a low' grade papillaiy carcinoma of th^ 
light renal pehis with onset ot svmptoms in December 1928, when le was 
vears old 

Rephrectomv with ligation ot the pedicle was performed on the right si 
months alter the onset of svmptoms There was freedom from 
vears , then there were recurrence of the bleeding and appearance of pus in t e u 
The patient sought treatment in several institutions Papilhrj carcinoma 
bladder was diagnosed cystoscopically and pathologically on three 
sions during 1936 and 1938, and treatment foi carcinoma of the bla er 
given on three separate occasions The patient died on Alarch 10, 193 

Absfiact of Autopsy Repot I — Gross Findings The body was 
ciated The scars of ancient “lower midabdominal," AfcBurney and ng owin" 
kidney” incisions were seen The entire left lower extremity was enlarge o 
to edema There was only slight edema of the right foot 

When the peiitoneal cavitv' was opened there was observed nodular, 
conglomerate enlargement of the lymph nodes of the right and leir 1 ““ 
much more extensive on the left than on the right The nodes were vv 
partially necrotic They formed a mass which was partly' attached to t e 
and prostate and extended along the aorta to the region of the celiac axis 
vena cava, aorta and iliac vessels were compressed Metastases to pevic 
were present 

The lungs revealed irregularly increased consistency due to a ^ni 

of consolidation On cut surface the nodules were white to light pmk, 3 to 
in diameter, firm and discrete Portions of the lungs not so mv o v 
emphv sematous 
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The heart A\as enlarged, the trans\cr<;c dianietci being increased to 15 cm 
Its weight was 600 Gin 

The esophagus was normal, but on the Icssei cui\ature ot the stomach, about 
8 cm abo\e the pjlorus, there was a supcificial ulcci measuiing 3 by 5 cm The 
remainder of the intestinal tract was normal 

The Iner weighed 1,600 Gm The capsule was generally smooth and glistening, 
but multiple firm white nodules of aarjing size w'erc distributed over the surfaces 
of both lobes These were from 0 5 to 1 5 cm in diameter Tlie cut surface had a 



2 — Ureters and urinary bladder (postmortem specimen, 1938) Note the 
papillary growth originating from the mucous membrane of the dilated right 
“reter, the smooth but dilated left ureter and the papillary growth in the bladder 
f especially m the region of the trigon and at the top of the fundus) The right 
t'enal fossa and the tissues around the ureter revealed no recurrence 


nutmeg appearance and exhibited multiple nodules similar to those on the surface 
cf the liver 

The right kidney was absent There was no evidence of recurrence in the 
^*6 t renal fossa or in the tissue surrounding the right ureter 

The right ureter was present from its origin in the right renal fossa It wms 
dilated to 1 5 cm m diameter and was firm and white The wall was thickened 
When the ureter was opened, milky, thick fluid was observed The mucous mem- 
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brane was covered with multiple papillary growths throughout its extent The 

o-rowths had not broken through the wall 

The left kidnev weighed 240 Gm Its capsule stripped easily, leaving an 
irregularly nodular but smooth light red cortical surface in which there were 
whitish mottled zones of varying size, representing small abscesses The ureter 



Fig 3 — A, right renal pelvis (surgical specimen) showing the papi 
character of the growth The cells are of the characteristic transitional epit e la 
tipe B, urinary bladder re\ealing the papillary characteristic growth of trans 
tional epithelium (postmortem specimen, nine years later) Note that the degree 
01 malignancy is similar to that observed in the renal pelvis and m the ureter 
C, papilloma of the right ureter Many of the cells are exfoliated from post^ 
mortem changes D, section of the lung, showing metastasis Hematoxylin an 
eosin stain, X 75 
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\\as dihtcd It \\ts tliin wnllcd and liglit red and contained turbid urine The 
mucous membrane was smooth It was obstructed in its lower third fioin the 
extrinsic pressure of tumor masses m the pchis 

The bladder was thick walled and coiili acted Within the lumen there were 
01 1\ clotted blood and dcgciieiatcd tissue Ihe mucous mcmbianc was ulcerated 
at manj points and was transformed into papillaij growths ot \arying size 
which hung into the lumen The area of the liigon and the region of the 
ureteral orifices were ulcerated Here the usual landmarks were almost destroyed 
The prostate glmd was normal llic tissues around the bladdei and prostate, 
especiallj latcralh and postericrU, were infiltrated w'ltli new grow'th which was 
continuous with the growths along the iliac \csstls 

klicroscopic rmdmgs Ihc tubules and glomeruli of the left kidnev were 
generally hjpertrophied Thcic w'erc also areas of pohmorphcnuclcar neutrophilic 
infiltration These iinohcd tubules and other zones, which were sharply circum- 
scribed in the form of abscesses 

The right ureter showed a neoplastic papillary growth of tiansitional type 
epithelium extending from the wall into the lumen The epithelial cells w'cre well 
differentiated 

The prostate showed chronic pj oprostatitis 

Sections across the ulcer in the stomach re\ealcd the base to be composed of 
necrotic tissue and pjogenic membrane wnth fibrosis beneath 

The Iner reicalcd passu e congestion of the central venous areas and nevv 
growth of transitional type epithelium m local w'cll defined zones 

The bladder reiealed areas of ulceration with incrustation, chronic infection 
3nd a papillary tj'pe of w’cIl differentiated transitional epithelial new' grow'th 
The lungs exhibited edema, congestion and nodules of new growth composed 
of the transitional tjpe of epithelium 

The aortic lymph nodes w'cre imolvcd by metastatic new grow’th similar to 
that observed in other metastases 

Anatomic and Mici oscopic Diagnosis — The following diagnoses weie made 

1 Scar of ancient right nephrectomy (nine years old) for papillary carcinoma 
of the renal pehis, grade 2 

2 Metastasis to the right ureter, the urinary bladder, the pelvic and aortic 
yniph nodes, the liver, the lungs and the pelvic bones 

^ Compensatory hypertrophy of the left kidney (weight, 240 Gm) 

^ Obstructive hydronephrosis and hydroureter on the left, with acute pyelo- 
oephntis and miliary abscesses 

5 Hypertrophy of the heart (weight, 600 Gm ) , hypertension (clinical) 

^ Edema and congestion of the lungs with terminal bronchopneumonia 
2 Chronic passive congestion of the liver, with focal and central necrosis 
® Edema of the legs (pressure of tumor on iliac veins and vena cava) 

5 Chronic cystitis and pyoprostatitis 
fO Chronic ulcer of the stomach 

t 


PATHOLOGIC DISCUSSION 

Id the case presented the chief points of clinical inteiest as revealed 
°y autopsy w'ere as follows The patient, who w’as 46 years old at 
had had a nephrectomy nine years pieviously for papillary 
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caicmoma of the light renal pelvis The uietei had been divided just 
below the renal pehis, although the growth was already extensive and 
had apparently spread beyond the pelvis At necropsy there was no 
evidence of local recurience in the fossa of the light kidney or in the 
tissue surrounding the right uietei However, the mucosal lining of 
the ureter was the site of numeious papillary exciescences extending 
from the blind uppei end to and into the bladder but nowhere breaking 
thiough the coats of the meter It is probable that the lecurrence and 
extensions came fiom these malignant papillomas of the right meter, 
first extending into the uiinar}' bladder wheie multiple malignant 
papillomas weie pioduced and subsequently involving the legional lymph 
nodes of the pelvis, the periaortic lymph nodes, the liver and the lungs 
The left kidney was hypei ti opined, compensating the loss of the 
light kidney The compensatoi) changes appaiently had been adequate 
until terminal pyelonephritis secondary to obstructive hydroureter, 
hydronephrosis and encrustation c)fstitis aided m deciding the fatal 
outcome There was also terminal bronchopneumonia 

Also of interest but piobably not i elated to the pathologic changes 
m the urinary tract was the fact that the patient had cardiac hyper- 
trophy apparently on the basis of seveie hj'pertension, the specific cause 
of which was not elicited by autopsy Associated with the cai diac 
hypertrophy and dilatation theie weie teiminal cardiac decompensation 
with edema of the lungs and chronic passive congestion of the liver 
with areas of focal and central necrosis The piessme of the pelvic 
tumor mass about the vessels as the} enteied oi came from the left 
leg was important in producing tiemendous swelling of the left lower 
extremity 

SUMMARY 

A case of papillary caicinoma of the pelvis of the right kidney is 
presented, together with a brief review of the liteiature 

The significance of the spread of this particular tumor down the 
ureter and the necessity of complete resection of the meter at the time 
of nephrectomy aie emphasized 

Se%eral Detroit hospitals at which the patient was treated and several surgeons 
who treated him permitted the use of their records in the compiling of the data 
presented 


The surgical specimen removed nine jears before death showed on micro- 
scopic examination “some tubular nephrosis and glomerulhr congestion m the 
substance of the kidne> ” 



IMPORTANCE OF SIiAIPLE ULCER OF THE RIGHT 
SIDE OF THE COLON IN DIAGNOSIS 
OF ABDOMINAL DISEASE 

HARTWELL HARRISON, MD 

BOSTON 

Opportunit} to study 6 instances ot so-called simple ulcei of the 
cecum and ascending colon has made cMdent the seiiousness of this 
relatnely rare lesion and the complications which it causes A knowl- 
edge of the attendant sjmptoms is of especial impoitance foi all those 
concerned with the diagnosis of abdominal disease, because of the bizarie 
S3’mptoms, the giavit}' of the complications which usuall3 ensue and 
the accompanying high mortaliti Direction of attention to the cecum 
when inflammatory disease of the right lowei quadrant of the abdomen 
IS present is especiallj impoitant whenevei the diagnosis of appendicitis 
Is uncertain or the appendix is known to be absent That the diagnosis is 
difficult IS evident fiom the fact that it was made correctl}’’ befoie 
operation in only 1 case repoited in the hteratuie^ A conect pre- 
operative diagnosis was not made in anv of my cases Nevertheless, 
familiarity with the condition has convinced me that the diagnosis should 
be made preoperatively, at least in some instances, and that opeiation 
^ay be better conducted if the surgeon suspects the possibility of such 
a lesion at the beginning 

The term simple ulcer of the cecum is a misnomei The condition 
not simple m diagnosis or in treatment, and its cause is unknown 
Ulcers of the cecum have been called “simple” ivhen they aie not asso- 
ciated with tumors, chronic ulcerative colitis, generalized aiteiiolar disease 
of the gastrointestinal tract or infection by specific organisms These 
specific infections include Endamoeba histolytica. Balantidium coli, 
actinomycetes, tubercle bacilli and dysentery, typhoid and paratyphoid 
bacilli Infection of the intestine and colon by the beta hemolytic strepto- 
coccus may result in a suppurative piocess similar to phlegmonous 
gastritis - The diagnosis of simple ulcer has been made by the pathologist 
after exclusion of other conditions of known causation or of other 

From the Surgical Service of the Peter Bent Brigham Hospital and the 
apartment of Surgery of the Harvard Medical School 

1 Bomb], G Un caso di ulcera semphca del cieco Studio clinico e radio- 
‘ogico, Pohdinico (sez prat ) 36 1550, 1929 

2 Cutler, E C , and Harrison, J H Phlegmonous Gastritis, Surg, Gmec S. 
Obst 70 234, 1940 
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recognized entities Ulcers foi which this term is appropriate, however, 
resemble one anothei in most respects, though it is by no means ceitain 
that the condition is an entity In fact, the ulcerations of the cecum 
associated with uremia (when these are not based on arteriolar disease) 
bear a stiong resemblance to simple cecal ulcers Both forms are of 
unknown pathogenesis, but it is to be piesumed that the mode of 
development is different 

Although simple ulcei of the cecum has been known since the time 
of Cruveilhiei ,® its cause remains entirely unknowm Recent studies have 
thrown important light, however, on the incidence, clinical features and 
pathologic anatomy Among these are the papers of Quenu and Duval,'^ 
Soupault,® Barron,® Wise," Wilkie,® BombU and Cameron'* Osier 
mentioned 2 instances of ulcer of the cecum, both with perforation, 
which were observed by him A detailed description of these cases did 
not appear in the literature 

Cameron ® has pointed out that such ulcei s have occurred at ages 
varying from 18 to 70 yeais The condition is twice as common in men 
as in women Although he found that a laige proportion of the recorded 
cases have occuiied in Scotland and Fiance, my cases from the United 
States and Sweden, as well as those of otheis (Bairon and Bombi ^), 
indicate that the condition may be encountered over a much wider 
geographic area That diet is a factor of uncertain impoitance is 
indicated by the fact that some authois® have considered such disturb- 
ances to be common among persons in whose diet there is a pi eponderance 
of cereal grains, and Wilkie® expressed the belief that diseases of the 
cecum have increased with the substitution of meat for vegetables m 
the diet There were no unusual dietary habits among the 6 patients 
whose cases are reported in this paper 

3 Cruveilhier, J Anatomic pathologique Maladies des intestms, Pans, J B 
Bailliere, 1835-1842, vol 2, pt 30, plate 3 

4 Quenu, E , and Duval, P L’ulcere simple du gros intestin. Rev de chir 
26 692-713 and 792-831, 1902 

5 Soupault, R Contribution a I’etude de la perforation de I’ulcere simple 
colique. Rev de chir 58 480, 1920 

6 Barron, M E (a) Simple Nonspecific Ulcei of the Colon, Arch Surg 17 
355 (Sept) 1928, (6) Simple Nonspecific Ulcer of the Colon, Surg, Gynec & 
Obst 50 870, 1930 

7 Wise, W D Perforating Simple Ulcer of the Colon, Ann Surg 93 1273, 

1931 

8 Wilkie, D Simple Ulcer of the Ascending Colon and Its Complications, 
Surgen 1 655, 1937 

9 Cameron, J R Simple Nonspecific Ulcer of the Cecum, Brit J Surg 
26 526, 1939 

10 Osier, tv Principles and Practice of Medicine, ed 8, New York, D AppR' 
ton and Companv, 1915, p 521 
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Simple ulcer of the cecum usually occuis on the mesial aspect a few 
centimeteis be3ond the ileocecal valve Although seveial authors have 
compared this location m i elation to the ileum iMth that of duodenal 
ulcer in i elation to the stomach, theie is no sudden chemical alteiation 
in the cecum compaiable to that vhich occuis in the gastric contents 
when the latter pass into the duodenum Cameion ° has stated that the 
relatively poor blood suppl} in this legion of the cecum may be a pre- 
disposing factoi No significant lasculai lesions have been found by 
the pathologist studying these cases Ban on,® Bolton and others have 
concluded that the frequent piesence of gastric ulcer in patients who 
also have ulcer of the cecum means that the tivo conditions aie local 
manifestations of a general pathologic disturbance and that the same 
etiologic factor ma}' be the cause of ulcei on any segment ot the gastio- 
intestmal tract Barron pointed out that simple ulcer may occur on 
any part of the ahmentar}' tract, from the esophagus to the rectum The 
possible neuiogenic origin of such lesions has long been a matter of 
speculation and ln^ estigation The expei imental evidence indicating that 
stimulation of the gastric secietorj’’ fibeis in the vagus neives may 
produce a secretion of gastiic juice in the empty stomach and this m 
turn be followed by acute ulcei s*" suggests that a similar investigation 
of the lower part of the gastrointestinal tiact might be of significance 
regarding the cause of simple ulcer of the colon 

Study by microscope leaves the nature of the ulcers as much a mystery 
3s does mere inspection The edges of the ulcers are rather sharp, and 
there is usually a small amount of connective tissue reaction Extensive 
scarring is encountered only in cases of chronic and subacute involve- 
ment Sometimes the edges of the ulcer are almost reactionless The 
intestinal wall at the base is thinned even in the absence of peifoiation 
Lymphocytes and polymorphonuclear leukocytes are present about the 
ulcer, but usually only in moderate numbers However, in case 4 (this 
paper) an extensive suppurative reaction wms manifested by the presence 
of many leukocytes and clumps of bacilli and cocci (fig 3 ) There aie 
no definite lesions of the adjacent blood vessels It is unfortunate that 
there are few studies of the intestinal flora of these patients There 
's nothing to suggest a relation to regional ileitis oi lymphogranuloma in 
the present knowledge of the pathology of this lesion However, if 
perforation does not occur, one would expect these ulcei s either to heal 
completely or to evolve into a chronic state with accompanying fibrosis 
and cicatrization Wilensky has expiessed the belief that the granu- 

B Bolton, C Ulcer of the Stomach, London, Edward Arnold, 1913, pp 35-36 

B Osier, W Principles and Practice of Medicine, rcMsed by H 4 Christian, 

cd 13, New York, D Appleton-Century Companj, Inc 1938 

13 Wilensky A O The Essential Nature of Non-Specific Granulomatous 
csions of the Gastro-Intestinal Tract, Surgerj' 6 452, 1939 
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lomatous lesions of the intestinal tract represent an end lesult of intestinal 
infection marked by secondary oi final intramural infection and subse- 
quent attempted overproductive but unsuccessful healing On the basis 
of this assumption it has been suggested by Cutler that so-called simple 
ulcei of the cecum may be an antecedent or initial lesion of cicatrizing 
enteritis 

The clinical features of simple cecal ulcei ations are usually not 
deal ly defined Cameron ® could find no i eally pathognomonic sign 
In cases without complications there is usually a histoiy of constipation 
with occasional melena There nia}' be vague, dull pain m the lowei part 
of the abdomen, but it is seldom sufficiently characteristic to be of 
assistance in the diagnosis One such uncomplicated ulcer of the cecum 
was excised,® the patient making an uneventful recovei} The onl} pre- 
operative diagnosis of ulcer of the cecum on record was made by studies 
of the gastrointestinal tract after a barium sulfate enema , resection was 
pel formed, and recovery ensued ^ 

Attention is usually diiected to simple ulcer of the cecum, however 
not by symptoms due to the ulcei itself but by those caused by some 
complication Wilkie® has reported several cases wduch aie of especial 
interest because of the variety of complications encountered In 1, there 
was moderate hemoirhage In another subacute peif oration led to peri- 
colitis and the foimation of a dense mass resembling a neoplasm 
Resection of the cecum was pei formed, the impiession being that the 
lesion was a true neoplasm, its actual natuie was discoveied only after 
the specimen was studied carefully In a third case, stenosis of the 
cecum had resulted from cicatricial contraction of adhesions about the 
base of an old ulcer A fourth patient had an acute perforation and 
died of generalized peritonitis Wilkie® also pointed out that a mass 
resembling an incarcerated hernia may be present in the inguinal region 
as a result of the slow perforation of a cecal ulcer 

Acute perforation is the most frequent and also the most dangerous 
complication of simple cecal ulcer If the ulcer perforates into the 
peritoneal cavity, rapidly spreading peritonitis inevitably results, usually 
followed by death However, Ouenu and Duval * and Zickler have 
reported recoveries after prompt closure of the perfoiation Perforation 
of a simple ulcer of the cecum must be differentiated from the other 
causes of perforation, which may be neoplastic, traumatic, congenital 
(e g , a diverticulum) or due to other types of infection There was 
a mortality of 57 per cent in the senes of 21 instances of perfoiated cecal 
ulcer summarized by Cameron ® Of the 6 patients on whom operation 


14 Cutler, E C Personal communication to the author 
Is Zickler, H Ueber einen Fall von Perforation des Colon ascendens, Beitr 
z klm Chir 67 189, 1909 
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^\as not perfoimed, all died, of the 15 patients on whom opeiation was 
performed, 9 recovered and 6 died 

A coriect diagnosis vas made b) means of a banum sulfate enema 
in the case of Bombi’s ^ patient, mentioned picMOusl) The pie- 
operatne diagnoses which ha\e been made aie, in the oidei of then 
frequenc} appendicitis peiitonitis cholec} stitis, cecal caicinoma, tuber- 
culosis of the cecum, intussusception, intestinal obstiuction, subphienic 
abscess and postopeiatne ileus The signs of peiforation of a cecal 
ulcer could not be differentiated fiom those of peifoiation of an acutely 
inflamed appendix; Christian has stated “Pei inephnc and pen-cecal 
abscess from perfoiation ot iilcei, either simple oi canceious, and 
circumsciibed peiitonitis m this region fiom othei causes, laiely can 
be differentiated until an exploiatoi}' incision is made ” However, the 
History may furnish important data w'hich may give a lead as to the 
correct diagnosis Whereas pei foration of the appendix is ahvays pre- 
ceded b) a period of abdominal discomfoit, piogiessive m seventy and 
often follow'ed b}' a shoit peiiod of subsidence of pam, acute perforation 
of the cecum occurs as a sudden intra-abdommal crisis of excruciating 
pain located initially in the right lower quadrant The pam diffeis from 
that of perforation of a peptic ulcer only by an eaily diffeience in its 
location and absence of a characteiistic history of a preceding gastric 
or duodenal lesion Both lesions aie always followed by signs of spiead- 
ing peritonitis Cholecystitis is less difficult to differentiate on account 
°f Its tendency to produce primarily localized symptoms referable to 
tlie upper part of the abdomen without evidence of peritonitis Acute 
pancreatitis is usually preceded by attacks of indigestion, and a caie- 
ful history elicits the sloiy of recurrent attacks of milder abdominal 
pain before the severe crisis occurs Also, with this disease, pain in 
fhe back is often prominent Intussusception is primarily a disease of 
childhood and when it occurs m the adult is usually associated with a neo- 
P'asm of the bowel One would not have difficulty in differentiating this 
lesion from an acute peiforation of the bowel, but a slowly piogiessing 
chronic perforation of the right side of the colon might easily simulate 
an intussusception by producing a mass which is brought to the attention 
cf the patient by sudden pain In consideiing a diagnosis of tuber- 
culosis of the cecum, one should search caiefully for other foci of this 
infection and remember that every chronic lesion of the cecum and 
ascending colon is not necessarily due to this disease or to neoplasm 
An unnecessarily radical operation might be avoided by this realization 
and by careful evaluation of all information available before and at 

operation 

As a perforated duodenal ulcer which drains down the right para- 
vertebral gutter may present prominent symptoms and signs referable 
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to the right lowei abdominal quadrant several horns after the initial 
attack, attention ma-^ be pnmanlj' diawn to this region Again, one 
must rely on caiefully taken historr to furnish important differential 
diagnostic data Patients with duodenal or gastric ulcer nearly always 
gnea histoi) of digestive upset which may or may not be charactenstic 
of ulcei Those haring pnmanty ulceration of the lower part of the 
intestinal tract usually have distuibances of the lower part of the bow'el, 
such as dianhea, melena oi constipation, but not the regular discomfort 
of peptic ulcer A plain roentgenogram of the abdomen may show' 
gaseous distention of the cecum and of the teimmal portion of the ileum, 
as in case 1 of this senes The piesence of a bubble of gas under 
the light side ot the diaphragm is almost pathognomonic of perforated 
duodenal ulcer How'ever, it is quite possible that such a phenomenon 
might be piesent wnth perforation of a cecal ulcer In case 3 this was 
true as the result of a subphienic abscess following perforation of the 
hepatic flexuie of the colon 

It IS of especial importance to differentiate a simple ulcer of the 
cecum w'lth perfoiation into the i etropei itoneal tissues from carcinoma, 
because ot the difteience m surgical procedure indicated Perforations 
caused by caicinoma aie usually slow' in onset The dense scar tissue 
about a cecal ulcei w'ltli subacute perforation may closely simulate 
carcinoma, as in the case lepoited by Wilkie ® The resemblance is even 
moie complete w'hen bits of intestinal contents escape and become 
encapsulated on the peritoneal surface The similarity betw'een these 
and carcinomatous implants maj' be striking, as w as noted by Sampson 

Differentiation betw'een chionic ulcei ation of the cecum and ascend- 
ing colon and regional ileitis may be difficult The histoiy and results 
of examination, as in case 4 of the present series, may be similar 
Chaiacteristic roentgen findings may be observed in advanced acatrizing 
enteritis that establish the diagnosis How'ever, the final differentation 
may not be made until laparotomy is peifoiined 

Of the following 6 cases of simple ulcei s of the light side of the 
large bowel, cases 1, 2, 3 and 4 are from the Peter Bent Brigham 
Hospital Cases 5 and 6 were contributed in a personal communication 
by Dr Clarence Ciafoord from the clinic of Dr Knute Giertz at the 
Sabbatsberg Sjukhus, Stockholm, Sw'eden 

REPORT or CASES 

Case 1 — A plnsician aged 32 was admitted to the hospital with a diagnosis 
OI right ureteral calculus two hours after the onset of severe pain which radiated 
Irom the righ t lower quadrant of the abdomen to the pubic region He was doubled 

16 Sampson, T ^ Implantation Peritoneal Carcinomatosis of Oaarian Origin, 
Am J Path 7 423, 1931 
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up by pain and said that he felt as though “something had burst inside ” He was 
nauseated but did not ^omlt In spite of urgency to urinate, he was unable to 
\oid 

Four jears pre\iousl\, right renal colic had been relieved after the delivery of 
a calculus from the right ureter by cjstoscopic manipulation Two years previously, 
appendectomy had been performed during an episode of pam m the right lowei 
quadrant of the abdomen It was said that the appendiv was mildlj inflamed at 



Fig 1 (case 1) —Results of a barium sulfate enema nine weeks after perforation 
°i the cecum There is incomplete filling of the cecum and ascending colon At 
fluoroscopy there was spasm of the cecum and barium could not be forced through 
flie ileocecal valve 

that time Two weeks before the present illness he had had an attack of diarrhea 
'ague abdominal pain, which was thought to be due to food poisoning After 
several days the bowel movements became normal, and all discomfort ceased 
‘he onset of the present attack There was no history of d^senter^, but he had 
sen exposed to Balantidium coli during an epidemic in North Carolina 
On phjsical examination the patient appeared to be in great pam His 
‘^mperature A\as 99 6 F rectum The abdomen sboued moderate resistance 
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in the right lower quadrant, with tenderness at the scar of the McBurney incision 
The leukocyte count of the blood was 18,000 per cubic millimeter , 85 per cent of 
the cells were polymoi phonuclears By catheterization 500 cc of normal urine 
was obtained A roentgenogram of the abdomen showed normal renal shadows 
The cecum was distended by gas During the next hour, signs of peritoneal 
irritation became definite, with increasing muscular spasm and rebound tenderness 
always referred to the McBurnev scar The picture was that of perforation of 
an acutely inflamed appendix,, but the appendix had been removed two years 
before There was no palpable mass, and peristalsis seemed to be increasing A 
diagnosis of early intestinal obstruction due to postoperative adhesions was there- 
fore made, and operation was performed A right rectus incision liberated a large 
amount of free purulent fluid fronj the peritoneal cavity A smear showed 
numerous leukocytes but no organisms The cecum and the terminal portion of 
the ileum were acutely inflamed, and a considerable amount of fibrin was present 
over the surface of the former There was no evidence of intestinal obstruction 
When the cecum was lifted, several hundred cubic centimeters of purulent fluid 
was aspirated from the right iliac fossa No diverticula were seen or felt A 
well healed appendectomy scar was identified There weie no enlarged mesenteric 
lymph nodes Three centimeters above the ileocecal valve, on the mesial wall 
of the cecum, there was an area of acute inflammation surrounded by adherent 
fat. in the center of which was a hole about 2 mm in diameter There was no 
foreign bodv present which could have caused perforation A probe passed gently 
into this opening entered the lumen of the cecum There was no palpable mass 
m the cecal wall suggestive of carcinoma, acute inflammation with slight thicken- 
ing of the wall being the only demonstrable lesion The perforation was closed and 
turned in with two inverting purse string silk sutures The peritoneum was closed 
without drainage, the skin and subcutaneous tissues were not sutured Constant 
gastric suction was necessarj for three days in order to combat intestiral ileus 
Culture of the peritoneal fluid yielded B coh and a nonhemolytic streptococcus 
hese organisms were also found in the purulent material from the superficial 
wound infection Sulfanilamide was administeied for four days after operation 
Repeated examinations of the stools showed no amebas or Balantidium coli Agglu- 
t nation tests for typhoid, paratjphoid, and Brucella melitensis gave negative results 
e temperature did not exceed 101 F , and the patient was well, except for a local- 
e wound infection, three weeks after operation A barium sulfate enema five weeks 
a er s ovved spasm and irritability of the cecum , the barium could not be forced 
through the Ileocecal valve (fig 1) The rest of the colon was normal A gastro- 
a roentgenographic senes made three months after operation showed nothing 
Six months after operation the patient was well and free of symptoms 


A man aged 70 years was admitted to the hospital complaining of 
urgencj an frequencj of urination of three years’ duration In addition, a history 
pc oastrointestinal upsets consisting of flatulence, epigastric discomfort 
an vomiting was obtained A diagnosis ol diverticulosis of the descending colon 
and sigmoid had been made by means of a barium sulfate enema eight months 
1 , ' ^ ^ cecum appeared normal At the same time, a gastrointestinal roent- 
grap ic series showed no abnormality of the stomach or of the small intestine 
? ound to have an enlarged prostate, with retention of urine After 

avs o constant drainage of the urinary bladder, a suprapubic prostatectomy 
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^\as performed On the second postoperatn e daj the abdomen became distended, 
and no gas or fecal material was passed bv rectum In spite of t,\er: thing that 
could be done, the abdomen remained “as tight as a drum and silent as a tomb ” 
The patient died on the fifth da\ after operation The nonprotem nitrogen of the 
blood rose to 46 mg per hundred cubic centimeters and the leukocite count to 
19,000 per cubic millimeter 

At autopsj three chronic gastric ulcers were found neai the pyloric end of 
the stomach None of these had perforated, and there w'as no e\ idence of heraor- 



Fig 2 — Photomicrograph (hematoxylin and eosin stain, X 165) showing an 
ulcer in the cecum covered by a fibrmopurulent exudate and infiltrated by leuko- 
cjtes There is a thrombosed vein in this zone of inflammation 


'■’’age from them Six centimeters above the ileocecal valve, lying on the lateral 
''all of the ascending colon, there w'as a hemorrhagic and necrotic ulcer 3 5 b\ 
2 5 cm Its peritoneal surface was covered by necrotic material and fibrinous 
caudate About 2 cm superior and posterior to this ulcer there was a second ulcer, 
shghth smaller but similar The entire wall of the upper portion of the cecum and 
the lower 8 to 10 cm of the ascending colon were hemorrhagic and friable The 
transierse, descending and sigmoid colon showed dnerticula which were not 
'u amed t^e dn erticula had demonstrable openings into the colon 
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IMicroscopic examination of sections of the cecum and ascending colon showed 
extreme inflammation of all layers (fig 2) There was a fibrinopurulent exudate 
over the mucosa m some places The tunica muscularis and serosa were infiltrated 
with polymorphonuclear leukocytes, lymphocytes and monocytes Some of the 
\ essels of the submucosa were filled with fibrinous thrombi in the area of inflamma- 
tion, but this was thought to be a result rather than a cause of the process, 
since no vessels out of the zone of inflammation were thrombosed In the regions 
of ulceration the mucosa and siibmucosa were absent The surrounding fat showed 
infiltration by leukocytes and many bacteria Fibroblastic proliferation was seen 
111 the cecal wall and surrounding fat Other sections from the transverse and 
descending colon showed edema of the serosa and infiltration by leukocytes ^ 
satisfactory explanation of the condition of the cecal wall was not apparent 
Amebic infection was not present The changes were not those of infarction 
secondary to occlusion of the mesenteric vessels The patient died as a result 
of peritonitis secondary to perforation of an ulcer of the cecum 


Case 3 — A man aged 56 years came to the hospital with a diagnosis of right 
subphrenic abscess and left hemiplegia For vears the patient had suffered from 
indigestion Two months previously' he had had pneumonia, from which he had 
not recovered completely The left hemiplegia occurred during convalescence and 
led to his entry to the hospital The patient was pale and poorly nourished There 
vv as no demonstrable motion of the right side of the diaphragm , rales were heard 
at both pulmonary bases, the heart was moderately enlarged the abdomen was 
normal to palpation, and there was flaccid paralysis of the left side of the bod\ 
Fluoroscopic examination showed a large bubble of gas beneath the right side of 
the diaphragm and a fluid level vnsible near the costal margin Rib resection and 
drainage of the subphrenic abscess were performed with the region under local 
anesthesia The patient had bronchopneumonia and died twelve days after operation 
At autopsy a perforation of the hepatic flexure of the colon was observed The 
colon was adherent to the anterior abdominal wall , gas and feces escaped through 
t e opening m the colon into the subphrenic abscess The perforation was so walled 
off from the rest of the general peritoneal cavity by the omentum that the intestines 
remained normal There was no evidence of ulcerative colitis, diverticula of the 
colon or carcinoma The ileum was normal One could only presume that a 
primary ulcer of the hepatic flexure had caused the perforation, with subsequent 
subphrenic abscess and death 


Case 4~A woman aged 23 vears came to the hospital on account of repeated 
attacks of abdominal pain, nausea, vomiting and diarrhea which had occurred 
in requently for two years However, for two weeks the attacks had been more 
equent an more severe and m addition had been accompanied by pain on 
^ na ion orty-eight hours before admission she was awakened by acute epi- 

o 1 C pain Md felt violently nauseated She vomited repeatedly, and diarrhea 

was severe There was no hematemesis or melena The past history was non- 
".J! Appendectomy had been performed ten years before 

j ^ emperature was 102 8 F , and the patient was dehydrated She was in 
^ There was generalized tenderness to deep 

irmcr/™ abdomen, but no significant localized tenderness and no 

p^m ere was tenderness in both flanks posteriorly, but neither kidney 
examination revealed no abnormality The leukocyte count 
the blood was 14,000 per cubic millimeter, and the catheterized urine contained 
10 leukocvtes per high power field Gastric analysis and gastrointestinal roent- 
s ^rap ic series revealed no abnormality' At cystoscopic examination an acute 
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inflammation of the bladder and a moderate hydronephrosis ot tin right kidney 
were found Cholecj stograms showed e\idence of a pathologic gallbladder A 
barium sulfate enema disclosed a smooth constriction 15 cm abo\e the ampulla 
of the rectum The bowel proximal to this was normal and a film taken after 
evacuation showed satisfactor}' emptj'ing Examination of the ^tool ^howed no 
blood or pus 

After one week of study, exploratory laparotomy was performed b> Di John 
Homans through a right rectus incision The entire abdominal cavitv wa'^ explored 



P'S 3 — Photomicrograph (eosin-methylene blue, X 165) showing an ulcer of 
the cecum with superficial erosion of the mucosa and a shelving edge of fibrinous 
exudate There is extensive infiltration of leukocytes, red cells, fibrin, clumps 
of bacilh and cocci 

cecum and ascending colon were covered by adhesions The ascending colon 
"as bound down just below the hepatic flexure bj a mass of old adhesions, which 
m'Sht have been congenital or inflammatorv The bowel was narrowed but not 
obstructed at this point The cecum and ascending colon were not reddened but 
the wall was thickened There were several large Ivmph nodes close to the cecum 
The cecum and ascending colon were removed, and an end to side anastomosis 
ft the ileum to the transverse colon was performed The patient made an unevcnt- 
lul recoverv 
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The surgical specimen consisted of a resected portion of the ileum 5 cm long, 
the cecum and 19 cm of the ascending colon There was marked congestion of the 
serosa, and se\eral injected mesenteric lymph nodes were included An irregular 
stellate ulcer measuring 2 cm m its greatest dimensions was present on the anterior 
wall of the cecum, just at the ileocecal valve In the cecum and ascending colon 
were numerous smaller ulcers, 2 to 4 mm m diameter These were covered with 
a layer of reddish fibrinous exudate No diverticula were present Microscopic 
sections of the cecum (figs 3 and 4) showed a normal muscle wall and serosa The 



Fig 4 — Same as figure 3, X 300 


mucosa vas superficialh eroded in many places and replaced bv ulcers wit 
shelling edges made up of a fibrinous exudate, with many polvmorphonuclear 
leukocites, red cells, fibrin, clumps of bacilli and cocci The capillaries of t e 
muscularis were dilated The Ijmphoid follicles were hyperplastic The diagnosis 
was acute ulcerative cecitis, probably bacterial in origin (figs 3 and 4) 

CvsE 5 — A w'oman aged 65 had suffered for several years with rague attacks 
of abdominal pain and constipation A roentgenographic diagnosis of gallstones 
was made, but operation w’as deemed unwise Two davs before her admission 
to the hospital, there occurred abdominal pain, nausea and vomiting When s i 
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was first seen her general condition seemed to be good The tempeiature was 38 C , 
and the pulse was strong The whole right side of the abdomen was tender, but 
eiidence of peritonitis W'as lacking 'Vftei fort^ -eight hours of observation, 
seiere acute abdominal pain began on the right side, followed br signs of spread- 
ing peritonitis The patient passed quickly into shock, the skin v\ab cold, clammy 
and cjanotic However, after si\ hours she responded to a transfusion of blood and 
infusion of saline solution Opeiation w'as pcifoimed and a peitoiation ot the cecum 
about 5 cm above the ileocecal vahe was found There was no e\idence of tumor 
or diverticulum The perforation was sutured and the abdomen closed The 
patient died three daj's later from peritonitis 

Case 6 — A woman aged 35 suffered from intermittent attacks of diarrhea and 
constipation for several jears A diagnosis of tuberculosis of the cecum was made 
by means of a barium sulfate enema Right colectomy was performed, with end 
to end ileocolostomv Pathologic examination showed several ulcers of the cecum 
and ascending colon with no ev'idence of tubeiculosis, granuloma, typhoid, para- 
typhoid or dysentery The patient was latei operated on for intestinal obstruction 
but has since been quite well The diagnosis bv the pathologist was simple ulcer 
of the cecum 

COMMENT 

Perforation of the bowel occurred as a lesult of the inflammatoiy 
process in 4 of the cases in this senes Case 1 was an instance of a 
sudden intra-abdominal crisis in a young man, due to perfoiation of the 
cecum b}’’ localized inflammation Prompt operative closuie of the 
perforation resulted in lecovery In case 4 the patient, a young woman, 
had repeated attacks of dianhea, abdominal pain, nausea and vomiting 
No abnormalities were demonstrated by loentgen examination, but at 
operation a definitel}'^ abnormal cecum and ascending colon were found, 
and the resected bowel showed several acute ulcers, probabl}'' of bacterial 
origin This case is strikingly similai to one reported b)!^ Wilkie In 
case 6 successful lesection of the light side of the colon w^as carried 
out by Dr Crafoord for three simple ulceis which simulated tubercu- 
losis on roentgen examination In case S opeiation was performed 
after forty-eight hours’ observation, and a peiforation of an ulcer of 
the cecum was closed The patient was old and succumbed to the 
peritonitis which had progressed rapidlj'’ In cases 2 and 3 perfoiation 
of ulcers of the ascending colon was discovered at postmortem exam- 
ination 

Poentgenogi aphic barium enema studies w^ere made in 4 of the 6 
cases cited here It is apparent that in the present state of knowdedge 
the correct diagnosis cannot be made by this means of study alone, but 
It may contribute valuable evidence In case 1 a barium enema given 
nine weeks after operative closure of a perforation of the cecum showed 
persistent spasm and poor filling (fig 1 ) In case 2, six months before 
perforation of the cecum and death, barium studies of the entire gastro- 
•ntestmal tract had demonstrated no abnormahtv In case 4 a barium 
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enema given several days before operation failed to show evidence of 
several acute ulcers which were present in the cecum and ascending 
colon The roentgenographic diagnosis in case 6 was inflammatory 
lesion of the cecum, mteipieted as being tuberculous iii origin 

Owing to the apparent rarity of this disease, little has been learned 
about it since it was first described, one hundred years ago As the 
complications arising from it are attended by such a high mortality, it is 
imperative that simple ulcei of the cecum be considered m the differ- 
ential diagnosis of the “acute abdomen ” Perforation of such a lesion 
may simulate perforation of an acutely inflamed appendix or may exhibit 
a picture closely resembling appendical abscess Differentiation from a 
perforated gastric or duodenal ulcer may be difficult A right rectus 
incision would usually be the approach of choice Decision in favor of 
simple closure of the perforation or resection of the ascending colon 
can be made only at operation 


SUMIIARY 

Six patients with simple ulceration of the cecum or ascending colon 
have been described The difficulties of clinical diagnosis, the serious 
nature of the complications of the condition and its wholly unknown 
etiology and pathogenesis indicate that this kind of intestinal ulceration 
deserves considerably moi e investigation than has so far been made 

Note — Since this article was submitted for publication, an interest- 
mg case of simple ulcei of the cecum has been published bv Moore 
In this instance, at operation the lesion was thought to be a neoplasm 
and resection of the entire ascending colon was can led out The patient 
made a satisfactory lecovery 

17 Moore, T Simple Non-Specific Ulcer of the Ascending Colon, Bnt J 
Surg 27 600 (Jan ) 1940 
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Tumors within the chest aie moie often cliscoveied now, since the 
use of roentgen rays has become frequent Duiing the past few 3 ears 
more attention has been given to these lesions, since the gieat progiess in 

oracic surgery has brought about the possibility that benign intra- 

loracic tumors, particulaily, may be successfully appioached and 
removed 

Prior to the use of modern methods of diagnosis of mtrathoracic 

con itions, many tumors were undiagnosed, and only those coming to 

^ u opsy were brought to light Therefore, few benign mtrathoracic 

umors were correctly diagnosed during life and recoided m the 
literature 

Of the benign tumors within the chest which have been reported, 
many were described as originating from nerve tissue elements or struc 
AU^ ^^Ncent to spinal nerves or the sympathetic nervous chain 
^ ough during the past two decades the subject has received more 
onsi eration than before, the literature as yet lacks consideiable informa- 
bei? undoubtedly would aid in a better understanding A typical 

'gn mtrathoracic tumor is demonstrated m the following case, 
observed by us 

REPORT OF CASE 

o^cse white woman aged 56, was ill for two weeks in March 1939 
Physici'"^^^”^^ ^^*^**^^ illness she had not recened the attention of a 

the remained at her home in bed until the acute symptoms of 

berself'^f^^ subsided Two weeks after the onset of the illness she presented 
PQQj. examination with the complaints of frequent coughing, weakness, 

tent exhaustion on moderate exertion and a dull and somewhat intermit- 

Quari^*'” right side of the chest in the region of the upper and outer 

nonn'^^T right breast During the attack of influenza she had had a dr\ and 

raised cough, but after a few days transparent, mucoid sputum had been 

she h streaked with bright red blood Before onset of the infli enza 

hou ^ apparently good health and had been able to do her usual 

noticed noticeable discomfort except that occasionalh she had 
'idc^of intermittent pain in the upper lateral portion ot the right 

° the chest for about one ^ear This pain, howe\cr, had ne\cr been of 
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great enough intensity to cause her much concern She had not noticed any pain 
in the shoulder or the right arm, but at times she thought that she had felt a 
dull and aching pain at the lower angle of the right scapula There had been no 
dyspnea, orthopnea, change in the voice, disturbance in the right eye or the 
eyelids or sensation of weight or heaviness in the right side of the chest 

Physical Examination — The height was 5 feet and S inches (165 cm), the 
weight 196 pounds (89 Kg), the temperature 98 6 F, the pulse rate 80 and 
the respiratory rate 22 per minute The pupils were equal, round and regular and 
reacted to light and in accommodation The eyeballs were equally prominent The 
eyelids were not abnormal The neck was short, and there was no engorgement of 
Its veins or visible pulsation of its vessels The thjroid gland was not palpable 
Deviation of the trachea was not noticeable, and a tug was not present The 
head moved normally m all directions, and there was no evidence of imbalance of 
the muscles of the neck The chest was thick and well padded with fat 
Over the anterior part of the chest on both sides the percussion note was resonant 
Respiratory sounds were normally heard over the anterior part of the chest, and 
the voice was not remarkable The breasts were pendulous but of equal size 
and free from masses Examination of the posterior part of the chest revealed 
relative dulness to percussion over the thick muscles in the upper portion on both 
sides, and the breath sounds were not as distinctly heard as over the anterior part 
The excursion of the lungs at the bases in the posterior part of the chest was 
apparently normal, and the percussion note was bilaterally resonant over that area 
Rales were not heard in any part of the chest The spine was slightly tender to 
deep jarring over the thoracic portion, but a definitely localized painful area could 
not be determined The heart was in a normal position and without apparent 
enlargement The heart sounds were distinct, the rhythm was regular and no mur- 
murs were present The mediastinal dulness seemed to be within normal limits The 
blood pressure in both arms was 140 systolic and 90 diastolic Examination of 
the abdomen, rectum, genitalia and extremities revealed no significant findings A 
neurologic examination, which included inspection of muscular development and 
function and tests of the reflexes and sensations was without remarkable findings 
The skin was free from lesions and was everywhere smooth and soft 

Roentgen Examination — A roentgen examination of the chest was advised 
merely as a routine procedure because of the lack of significant physical findings 
Stereograms of the chest were made A large mass was present in the upper 
part of the right side of the thorax It appeared to extend from the midline well 
^ part of the right side of the chest, involving a considerable portion 

0 t e upper lobe of the right lung The tracliea was pushed toward the left 
compressed to any appreciable degree The right pulmonary 
held below the mass and the left pulmonary field appeared clear There was 
no evi ence of pleural effusion jn either thoracic cavity The border of the mass 
^ ^PPcr part of the right side of the chest was well defined and oval A 
a eral roentgenogram of the chest revealed the mass to be in the posterior and 
upper portion The bonj thorax, the heart and the aorta appeared relatively 
normal (fig 1) 

Eobot atory Examination — ^The erythrocyte count was 4,050,000, with 
per cent hemoglobin, and the leukocyte count 5,800, with 62 per cent neutrophils, 
dO per cent Ivmphocjtes and 2 per cent eosinophils The Kahn test was negative 
e urine ad a specific gravity of 1 006, an acid reaction and no sugar or albumin 
microscopic examination of a catheterized specimen revealed an occasional epithelial 
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Opaaf, on— About one month later, after the patient’s coniplae recovery 
trora miiuenza, operation was done (May 19, 1939) 

The patient was placed on the table on her left side with the neht side upper- 
most and the right arm extended somewhat above her right slinuldrr Intra- 
p aryngeal administration of nitrogen monoxide and ether was used to induce 
anesthesia An incision about 9 inches (23 cm ) in length was made between the 
spine and the medial border of the right scapula in the posteiior part ot the right 
side of the chest, beginning about 2 inches (5 cm ) below the level of the spine 
0 the seventh cervical vertebra and curving laterallv to a point over the seventh 
no The trapezius and rhomboideus muscles were divided and the right scapula 
retracted laterally The second, third and fourth ribs were identified and exposed 
from the costovertebral junctions to a point slightly beyond their angles Their 
periosteum was incised and stripped from them from the costovertebral junction 
to a point within their respective angles and their freed portion removed The 
intercostal muscles were divided and the pleura exposed Beneath the space thus 



^ Left, roentgenogram showing the large oval shadow in the upper part 
ro ^ side of the thorax The trachea is pushed to the left Right, lateral 
n genogram, showing the mass in the upper posterior part of the thorax 


”19 e in the upper posterior part of the right side of the chest a stony hard mass 
be felt beneath the pleura It was obvious that the pleura overlying the 
*”955 must be incised in order to reach it, and this was done The mass 
9s completely covered by pleura, which it had pushed well into the right pleural 
cavity, and compressed the upper lobe of the right lung to a considerable degree 
the dissection with the gloved hand the mass was easily separated from 

c ung and was found to be attached by a pedicle about the diameter of a lead 
pencil to a point opposite the second intervertebral foramen and about 1 inch 
. ^ lateral to it When the tumor was then divided at its pedicle with 
>e electrocautery there was no active bleeding Delivery of the mass through 
>e space which had been made by the resection of the portions of the second, 
>'rd and fourth ribs was not possible, so that the fifth nb was exposed, incised 
"car Its costovertebral junction and retracted downward, after which the tumor 
^jas easily delivered Inspection at the site of the attachment of its pedicle revealed 
it apparently had originated from structures about 1 inch (2 5 cm ) lateral 
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to the right second inter\ ertebral foramen There was no deformit>, indentation 
or erosion of the vertebrae and no evidence that the pedicle of the tumor had 
penetrated the intervertebral foramen The right lung, which had not completely 
collapsed, was rcevpaiided by positive pressure and the pleura closed with catgut 



Fig 2 — Left, diagram showing the position of the wound made Right, 
diagram of the relative position of the intrathoracic structures on the right and 
the point of attachment of the tumor, which has been removed 



Fig 3 Appearance of the tumor on the opening of the posterior parietal pleura 

without difficulty The remaining wound was closed in layers without drainage, 
catgut being used for the muscles and mterrupjfed silk sutures for skin (figs 2 
and o) 

Postoperative Course —Recovery was uneventful, and the patient was discharged 
ironi the hospital on the sixteenth day A roentgen examination of the chest two 
davs before discharge revealed the right lung to be normally expanded, without 








I," ^ *4- x^J 

l,f st^ -0'/'%.^ 


^'E 4 Abo\e, photomicrograph of the neurofibroma remored irom tlie upper 
posterior part of the right side of the chest, shorring ‘ pali>=admg and lualme 
^1‘ckcning of the r\all of a blood tesscl Below, photomicrograph oi the iieuro- 
' '■oma, demonstrating wart fibers (right upper corner) and lat-bearing area"; 
ound a thin-walled ressel m the left upper corner 
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evidence of pleural effusion The wound had healed by first intention, and 
dressings were not required after the tenth postoperative day 

Pathologic Picture — The specimen was examined bj Dr H R Prentice, whose 
report was as follows “The specimen received was solid, firm, ovoid, 11 by 8 by 6 
cm and well encapsulated At one pole was a pedicle of connective tissue about 
2 cm across and 0 8 cm long, which had been severed by cautery This appeared 
to arise from the peripheral layers of the capsule and have no gross connection with 
the tumor ” 

The cut surface of the tumor was grayish and semitranslucent, with scattered, 
opaque, yellow areas 



cm Md the appearance of the tumor, which measured 11 by 8 by 6 

--"d, third and fourth ribs Below, the 
capsule grayish and semitranslucent center and the thick 


nuclei which characterize n slender, wavy fibers and slende 

ture, with palisadine- f ^'myofibromas In other areas there was a denser stnic- 
cells With nuclei whirh° ^ tendency to the formation of whorls by 

The stroma was vascuirln/^ 
thickening of their walls’ (dgs^Tlnd 5)^ 
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The tumor fell in the class of intrathoracic tumors of neurogenic origin 
It had in part the characteristics of neurofibroma — that structure occurring in the 
grossly white, semitranslucent areas — ^while in the yellow portions it had the 
appearance of the tumor which has been \ariousIy called neurinoma, perineurial 
fibroblastoma, lemmoma or schwannoma 

Penfield i noted that this combined histologic picture may occur and suggested 
that penneurial fibroblastoma may occur within a neurofibroma, replacing the 
tissue of the latter to the edge Verocav ^ noted that the two types of structure 
may be associated and suggested the term "neunnofibroma ” This is perhaps the 
best designation for the tumor here examined 

Follow-Up Record — ^Three months after her discharge from the hospital the 
patient was seen and found to be entirely free from the pain in the back and 



Fig 6— Left, roentgenogram of the chest three months after the removal 
of the tumor, showing normal expansion of the right lung and regeneration o 
the resected ribs Right, photograph showing the operative scar 


the right upper and lateral thoracic region She had regained her normal strength 
end was able to do her usual housework without discomfort A roentgenogram 
of the chest was made at that time and revealed that the right lung was normally 
expanded and the right pleural cavity dear The mediastinum appeared normal, and 
the resected ribs in the upper posterior part of the right side of tlie chest 
regenerated In January 1940 the patient seemed well and offered no complaints 
(fig 6) 


1 Penfield, W Encapsulated Tumors of the Nerious System, Surg, Gymcc 

^ Obst 45 178, 1927 

2 Verocay, cited by Kaufmann, E Patliology' for Students and Prac- 
titioners, translated by S P Reimann, Philaddphia, P Blaknstons Son 5. Lo, 
t529, yol 3, p 2030 
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COMMEiSfT 

This case seems to be an excellent one to exemplify how silent a 
benign thoracic tumoi ma} be, as the condition was discovered only 
accidentally by loentgen examination Orel holt and Senders^ recenth 
reported somewhat similai cases (1 case of intrathoiacic fibioina and 1 
case of ganglioneuroma m youngei peisons), in 1 of ■winch mild symp- 
toms weie appaiently piesent foi two }eais befoie the thoracic tumor 
was discover ed Adams ‘ stated that physical examination is of little 
value except when peicussion leveals a rvidened aiea of dulness m the 
chest and that diagnosis is made chie% b)"^ fluoioscopic and roentgeno- 
logic studies 

The pathologic diagnosis of the tuinoi m oui case is neurofibroma 
which was located extiapleuially and pai avei tebrall)' in the upper part 
ot the light side of the chest Because of its location and histologic 
stiucture it resembles closety the houi glass tumors rrhich hare been 
described by Heuer •’ The hourglass tumoi s include a great r ariet}' of 
pathologic conditions, but they arise fiom a fairly restricted legion and 
pathologically include tumors rvhich most otten aie neurogenic Ot 64 
hourglass tumors rvhich Heuei collected fiom the hteiature up to the 
rear 1929, 37 involved the dorsal spinal coid, the thoiax or the medias- 
tinum Six of the tumoi s rvei e neurofibi omas, 5 nein momas, 5 neui omas, 
5 ganglioneuromas and 5 fibi osarcomas, and the i einamder of the group 
limited to the dorsal region included chondiosai comas, sarcomas and 
some of rvhich the pathologic diagnosis rvas uncei tain Heuer found that 
5 of the 37 tumors rvere entirely rvithm the spinal canal, rvhereas 30 
rr ei e both paravei tebi al and rvithm the spinal canal and 2 rvei e paraverte- 
bial only The last 2 occupied the mediastinum and presented a 
pedicle rvhich entered the intervertebral foramen, but the intraspmal 
tumor rras not sufficiently large to produce symptoms of compression 
of the spinal coi d 

A brief summary of 2 cases (one of Cushing’s and one of Guleke’s) 
from Heuer’s senes follorvs 

CnsJiiiig’s Case — A woman aged 48 for ten a ears had pain in the right side 
of the back below the scapula There r\ere no symptoms of compression of 
the cord The patient had point tenderness to the right of the spine at the level 
of the fifth thoracic vertebra Roentgen examination showed a rounded mass 
projecting from the mediastinum toward the right at the level of the second 
interspace anteriorlv and the sixth and se\enth ribs posteriorh There was slight 
angulation of the dorsal vertebrae at the level of the tumor Operation was done 

o Overholt, R H, and Souders, C R Benign Intrathoracic Tumors, S 
Clin Xorth A.menca 17 905, 1937 

4 Adams, H Tumors of the Mediastinum, S Clin North America 18 
629, 1938 

5 Heuer, G J The So-Called Hour-Glass Tumors of the Spine, Arch 
Surg 18 935 (April) 1929 
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m two stages, with approach to the mediastinal tumor from behind A nodular 
tumor which was fixed to the side of the vertebral column was removed It w'as 
not positneh determined that the tumor did not enter the inter\ertebral foramen 
The patient reco\ered but continued to have pain in the right side and in the 
back w'hen she \omited She W’as killed five 3 ears later in an automobile accident 

Gulekc’s Case — A woman aged 33 for fiie 3 'ears had a dravving sensation in 
the right side of the chest and had difficulty in Iving on the right side Infection 
of the upper part of the respiratorv tract associated with a cough and dyspnea 
developed, which lasted for three weeks and did not entirely clear up Roentgen 
examination of the chest revealed a large mass in the right side, which was sharply 
defined and extended from the fourth to the tenth rib A large portion of the 
eighth, ninth and tenth ribs was resected, with marsupialization of the pleura in 
ffie first stage, and one month later a laige tumor was resected It was attached 
by a small pedicle, which disappeared into an intei vertebral foramen The patient 
lecovered after postoperative development of empyema and was in good condition 
four months after operation 

The structuie of out tumor, as of the houi glass tumor, indicated 
that the origin xvas probably from a spinal nerve or the fibrous stiuctures, 
ligaments or periosteum within 01 iieai the inteiveitebral f 01 amen of a 
spinal nerve 

Harrington® studied 46 mtrathoracic tumois, of which 11 were 
proved to be neurofibromas on microscopic examination Ten of these 
were situated in the posterior mediastinum, whereas the othei was on 
the left thoracic wall along the course of the ninth intei costal nerve A 
brief summary of 1 of Hainngton’s cases, which closely lesembles oui 
case, IS as follo 3 vs 


Haiitugton’s Case — A woman aged 53 had pains m both sides of the chest on 
coughing and on deep breathing Physical examination gave essentially negative 
results Roentgen examination of the chest show'ed a shadow in the right side of 
the mediastinum at the lev'el of the fourth and fifth ribs At operation the 
approach was posterior, through a space made b}’^ the resection of the fourth and 
fifth ribs The tumor was situated m the upper posterior part of the right 
side of the mediastinum, to the right of the aorta, and at the level of the third 
intercostal space it was attached to the body of the vertebra This patient made an 
uneventful recover 3 ^ and was discharged from the hospital on the tvvent) -eight 
postoperative day 


Overholt and Soudeis® in 1937 grouped the benign inti athoracic 
tumors as follow^s (1) dermoids and teratomas, (2) fibromas, neuro- 
fibromas, permeuiial fibroblastomas and ganglioneuromas , (3) osteomas, 
chondromas and osteochondromas, (4) myxomas, (5) lipomas, and (6) 
hemangiomas, c}stic h}gromas and lymphangiomas The} expres^e 
tbe opinion that the most numerous and the most important ot these 
gi'oups are the first twm They stated 


[The tumors 
thorax. 


of the second group] are found pc^tcriorlv 

along the gutter between the ribs and the verte nc, i jacc 


fi Harrington, S W Surgical Treatment in Fourteen Ca-es oi MediabtunI or 
utrathoracic Perineural Pibroblastoma, J Thoracic Surg 3 a , -a 
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the sympathetic nerve chain Occasionally they approach the intervertebral 
foramina and sometimes grow through this opening into the spinal canal when they 
assume the dumb-bell shape and are prone to cause neurologic symptoms 

These are among the most silent tumors in the thorax and some cause no 
symptoms whatever 


Solitary neurofibromas have been less commonly encountered within 
the thorax than within the skull, wheie the)" are frequently attached to 
the acoustic, optic or tiigeminal neive, oi within the spinal canal, where 
the point of origin is usually a posterior lOOt 

Penfield ^ explained that the solitary neurofibroma or permeunal 
fibroblastoma is an encapsulated tumor attached to a spinal nerve root 
or to a cranial nerve and is centrally located, hereas the neurofibromas 
of von Recklinghausen are usually multiple and involve the peripheral 
nerves In the diffei entiation of the solitary neurofibroma and the 
multiple neurofibi omas of von Recklinghausen's disease it must be 
remembered that the oiigiii of the tumors is essentially the same, in 
that the growths seem to aiise 


from the specialized investment vhich separates and insulates nervous tissue from 
the rest of the bodj 

The multiple superficial tumors which appear in neurofibromatosis are an 
expression of a system disease The condition shows marked hereditary 

tendencies 

The tumois of [neurofibromatosis] represent a thickening 

[of the nerves due to] a congenital abnormality in the structure of the 
peripheral nervous system 

Fibers of the nerve enter the tumor at one end and leave it at the other 
[there being a] connective tissue increase about the fibers of the nerve 
Because of this intermixture of nene fibers with connective tissue, 

^ ^ term neui ofib) oina [indicates] fibro-via on and in a nerve 

solitary permeunal fibroblastomata the normal nerve is applied to 

the capsule of the tumor without penetrating it 

Andrus,’’ m tracing the derivation of v^arious elements composing 
the^ nerves and ganglions of the thorax, pointed out that neurofibroma 
IS a tumor arising fiom a nerve and containing any or all of the 
constituents of the neive trunk Such tumors are thought to spring 
from the permeunal or endoneurial tissue ” 

Tumors may present themselves in many locations in the chest 
owever, neurogenic tumors obviously occur most often in the posterior 
thorax For this reason, they aie probably best approached operatively 
t rough the back of the chest If there are symptoms of compression 
of the cord it is advisable to attack them by laminectomy, with the idea 
m mind that both the mtraspinal portion and the intrathofacic portion 
of the tum or may be removed by the extension of the one incision 

7 Andrus, W DeW Tumors of the Chest Derived from Elements of the 
JNervous Sj'stem, J Thoracic Surg 6 381, 1937 
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When there are no symptoms of imolvement of the spinal coid, it 
seems to be less hazardous and wisei to use the thoi acic approach Each 
individual case is a problem m itself, and the decision must be based on 
this fact Harrington advised that pneumothoiax should be induced 
three to five days preopeiatively to adapt the patient to an open pneumo- 
thorax during the operation 

Benign mtrathoracic tumors, although less fiequently seen, are 
relatively more important than the malignant growths, because successful 
removal and cure are possible When they aie discovered within the 
chest, because of the frequency of then position in the upper and 
posterior portion of the thorax, the suigical approach and exposure need 
not be too difficult A complete extirpation may be the rule rather than 
the exception, and the postoperative couise, even m elderly patients, may 
be essentially uneventful Early and complete removal of such tumois 
IS of the greatest importance, not only because their gradual enlarge- 
ment may result in serious pressure within the thorax but also because 
of the possibility of sarcomatous degeneration, which has been proved 
to occur 

SUMMARY 

1 A case of mtrathoracic neurofibioma is leported in which the 
growth was discovered accidentally by roentgen examination in a woman 
aged 56 

2 A favorable surgical approach to benign lesions of the upper 
posterior part of the thorax is described in detail 

3 The incidence and pathologic picture of inti athoracic neurofibroma 
are briefly reviewed and discussed 

4 The prognosis for suigical treatment is debated 



INFLUENCE OF BONE ASH ON THE 
REPAIR OF BONE 


J DEWEY BISG\RD, MD 

OMAHA 

AND 

HAROLD H MACD'MBER, MD 

CIE\ ELAND 

111 a pi evious publication ^ thei e u as pi esented experimental ei idence 
that bone ash aided ossification In the repotted experiments trans- 
plants of osteogenic tissue were cultuied in the anterior chamber of the 
eye in a medium saturated with bone ash It iias suggested that the 
minerals used in the foimation of bone exist in bone and in bone ash in 
a physicochemical foim paiticularly suitable foi use in the process of 
ossification 

To examine this evidence fuithei, the influence of bone ash on the 
lepaii of fractures was investigated in a senes of 11 rabbits In 
the original senes of 24, 13 weie lost by death oi infection 

METHOD 

In each animal equal segments were lenioved from the shaft of each radius in 
total block resection, and to discourage repair small bits of costal cartilage were 
placed in the defects between the fragments In addition to cartilage, bone ash 
derived from bones of other rabbits was used to fill the defect in each right 
radius The left one contained only cartilage and served as a control for com- 
parison The process of repair was followed by means of weekly roentgenograms 
o\er a period of four weeks and examined post mortem at the end of this period 

RESULTS 

There was failuie of repair of 3 of the defects which contained bone 
ash and of only 1 of the controls In most instances the callus vhich 
tormed in the piesence of bone ash \\as larger but less well defined and 
organized Microscopically, m the specimens in which many pai tides of 
the ashed bone vere still piesent there Mas some lesidual inflainmator) 
reaction around and within the site of repaii 

From the Departments of Phjsiologv and Surgery of the Unuersity of 
Nebraska College of Medicine 

1 Bisgard, T D Ossification Influence of Alineral Constituents of Bone, 
Arch Siirg 33 926-939 (Dec) 1936 
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Fig 1 -Roentgenograms of the radiuses of a rabbit ^ the day after the 
operation Note bone ash in the defect m the ngiit radius B, four weeks later 
Both defects have been repaired and there is firm union between the fragments 
Note in B considerable bone ash and c's.cessi%e callus in the right ra nis 



T ^ d the da' alter the operation and 

Fig 2 -The radiuses of another rabbi 

one, unich 

tour weeks later Although both detects arc wo 
had no bone ash, repaired more normal!' 
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Fig 3 Roentgenograms of a rabbit in which there was failure of repair of 
the defect in the right radius, the one containing bone ash In the left radius, the 
control, the defect repaiied normally A, the fiist, and B, the final, roentgenogram 








ill 




ig 4— As in the rabbit of figure 3, so in the one shown in these roentgeno- 
grams nomal repair of the defect in the control radius and failure in the one 
containing bone ash A, the earliest roentgenogram , B, the final roentgenogram 
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In figures 1, 2, 3 and 4 aie illustiated the fiist and last roentgeno- 
graphic records of 4 lepiesentatne animals 

CONCLUSION 

From these experimental data theie is no evidence tliat bone ash aids 
the repair of bone On the contiaiy, the evidence indicates that it may 
have a deleterious effect 



ADENOSQUAMOUS CARCINOMA OF THE PERI- 
PAPILLARY PORTION OF THE 
DUODENUM 

MARSHALL M LIBBER, MD 
HAROLD L STEWART, MD 

AND 

DAVID R MORGAN, MD 

PHILADELPHIA 

Adenosquamous and squamous carcinomas of the duodenum are 
exceedingly lare lesions, only 5 cases, 3 of the former and 2 of the 
latter, having been reported in the literature Three of the growths 
nere peripapillary, and the others were localized in the suprapapillary 
segment of the duodenum One of these involved the common bile 
duct by extension The purpose of this communication is to review 
the essential featuies of these cases and to record an additional example 
of adenosquamous carcinoma of the peripapillary portion of the 
duodenum 

REPORT OF A CASE 

H C , a white man aged 49 years, entered the Elk County General Hospital, 
Ridgwai, Pa, on Feb 24, 1932, with jaundice, feier and moderately severe 
epigastric pain of short duration Roentgenograms showed what ivas interpreted 
as a defect, probably neoplastic, of the pvloric portion of the stomach The 
simptoms subsided, and the patient returned to work at the end of two weeks 
After a short interval jaundice reappeared, in association with clav-colored 
stools and dark urine Subsequent complaints ivere eructations and a sense of 
abdominal distention after meals, accompanied by pain in the upper portion 
of the abdomen The pain was severe at times but did not radiate There was no 
lomiting, and the appetite remained good, yet the patient lost 40 pounds (18 Kg ) 
during a period of three months Roentgenographic examination was repeated 
on April 2 but showed no gastric defect, changes w'ere observed in the gall- 
bladder which suggested a neoplastic process 

Ph\sical Eramuiation — The patient entered Jefferson Hospital on June 22 
because of marked generalized itching Examination show'ed a well nourished, 
deeph jaundiced subject The liver W'as palpable 8 cm below the costal margin 
in the imdclaiicular line It was moderately firm, tender and movable No other 
masses were seen or felt, and there was no evidence of free fluid in the peritoneal 
ca\ itv 

Laboratory Data — Roentgenograms of the gastrointestinal tract suggested the 
presence of an extraintestinal lesion in the upper portion of the abdomen, which 

From the Pathological Laboratories of the Jefferson Medical College and 
Hospital, and the Department of Neoplastic Diseases 
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was interpreted as a pancreatic lesion, an enlargement of the liver or a new 
growth A small amount of barium sulfate remained in the stomach at the end of 
si\ hours, indicating delayed emptying The hemoglobin content of the blood was 
62 per cent, the red cell count 3,690,000, the color index 084 and the white cell 
count 8,600 (polymorphonuclear neutrophils, 86 per cent) The urine was acid, 
brown to black, with a specific gravity of 1010 to 1016, a trace of albumin and 
occasional epithelial cells It contained no sugar, no blood and no casts The 
gastric contents show'ed a residual total acidity of 28, but no free h\drochloric acid, 
after a test meal these figures gradually rose to a maximum of 62 and 41 
respectively at the end of fort} -five minutes Blood was present m the last gastric 
specimen, and lactic acid and bile were absent from all specimens The stools were 
well formed, grajish brown and alkaline, and contained blood and considerable 
quantities of mucus, but no ova, no parasites and no excess of fats Ihe van den 
Bergh reaction was positiv'e, biphasic, and the serum bilirubin was 11 mg , 80 
per cent and 90 per cent respective!}’’ of bromsulphalein (2 mg dose) was retained 
at the end of thirty minutes on tw'O occasions The nonprotein nitrogen content 
of the blood was 34 32 mg per hundred cubic centimeters of blood The Wasser- 
mann reaction of the blood serum was negativ'e 

Coutse — At laparotomy on August 2 a greatly distended gal'bladder was 
exposed, and 50 cc of vv'hite bile W'as aspirated Palpation did not reveal the 
exact cause of biliary obstruction, which, however, was thought to be in the 
common bile duct An anastomosis was established between the gallbladder 
and the stomach Bleeding appeared postoperatively , the temperature rose from 
96 to 106 F and the pulse rate from 60 to 120 per minute The patient died 
the following day 

Postmortem Examtnatton — Autopsy w'as performed eighteen hours after death 
and was limited to the abdomen The combined gross and microscopic diagnoses 
W'ere (1) adenosquamous carcinoma m the region of the papilla of Vater wnth 
obstruction to the common bile duct, hydrohepatosis and marked jaundice, (2) 
surgical cholecystogastrostomy , (3) chronic cholecystitis, (4) biliary cirrhosis of 
the liver, (5) hemopentoneum , (6) cholemic nephrosis, and (7) bronchopneumonia 
Gross Examination The peritoneal cavity contained a large amount of liquid 
and clotted blood The serosa was ever} where smooth and glistening, and the 
operative wound was clean The kidneys, weighing 200 Gm each, vv’ere deeply 
jaundiced, and the cortex was markedly swollen 

The common bile duct and the cystic and hepatic ducts were considerab v 
enlarged, the distention reaching into the finer intrabepatic radicles of the biliar} 
sjstem The papilla of Vater was prominent, and the ring of tissue about 
Its stoma was firm and fibrous-hke The pancreatic duct was not explored 
Adjacent to the common bile duct, between it and the vena cava, was a Ivmph 
node the size of a lima bean The gallbladder was distended with blood, and 
•ts wall was slightly thickened A considerable quantity of blood and coffee 
ground flocculi were present in the stomach and duodenum The liver, weighing 
3,290 Gm, was soft, smooth and green, and section disclosed marked distention 

of the intrahepatic biliary ducts , . , i 

Microscopic Examination One section of the duodenum included the terminal 
segment of the common bile duct^ The wall of the duct was thickened bv chronic 
■nflainmator} tissue, and the surface epithelium was partialh autolvzcd and 
'desquamated Approximate!} 0 5 cm from the termination of the common duct in 
‘he duodenum, a neoplastic growth was observed on the surface (fig I) On 

1 This IS known both as the ampulla of Vater and as the common bile duct, but 
>" this communication it will be called bv the latter designation 
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F'g 1 — ^Terminal end of the common bile duct, which is surrounded over a 
greater portion of its circumference by the duodenal mucous membrane At the 
lower right is the orifice of the duct, and just behind this on each side are the 
nodular neoplastic excrescences (X IS) 



Tig 2— Intraduodenal segment of the wall of the common bile duct, showing 
epidermoid differentiation with pearl formation above and glandular differentia- 
tion below Details are well brought out with the aid of a hand lens (X 100) 
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one side this consisted of a flat plaque ot infiltrating glanduhr epitlKluini 
arranged as aam, cords, nests and masses and, adjacent to this, a noduhr 
nllous projection composed of undifferentiated cells, epithelnl pearl- and acinous 
structures (figs 2 and 3) On the opposite side of the duct \\a- m area of 
ulceration bordered b\ infiltrating, well differentiated epidermoid carcnioiiiatous 
tissue The duodenal mucous membrane surrounding the orifice ot the common 
duct was somewhat autohzed Its deeper portion was infiltrated with tumor cells 
of the squamous and the glandular tape (figs 4 and 51 

A second histologic section of the duodenum included a -mall wtdue ot fibrotic 
pancreatic tissue, an intramural segment ot the duct ot \\ ir-uiu; and c\ternall\, 



3 —Wall of the common bile duct, showring mixed glandular and epidermoid 

differentiation (X 250) 

a portion of the common bile duct Mixed glandular and epidermoid carcinomatous 
fissue was present m all coats of the duodenum, including the deeper portions of 
1 e mucous membrane, and in the wall of the mam pancreatic duct, hut none was 
seried in the pancreas or m the wall of the common duct at this Icicl The 
oeries and the perivascular lymphatics were also infiltrated in places 

The carcinomatous tissue avas studied in numerous sections, some in serial 
arrangement A composite description of the neoplasm follows In some areas 
be tumor was composed of looselj arranged masses and columns of undifferentiated 
filial cells which stained rather uniformh but aaritd m shape Their nuc ci were 
i-elatnelj large and of aanous shapes, and frequenth showed mitotic figures, 
of which were irregular Conccntncalh laminated whorls were present, 
composed of keratin material, flat horm cells with cic.d.n granules, large pale 




Tig 4 — Muscular wall of the duodenum, showing small infiltrating neoplastic 
nodules (X 100) 



Fig 5 Higher magnification of the section illustrated in figure 4, showing 
the glandular t\pe of growth composing an infiltrating nodule in the muscular 
wall 01 the duodenum (x 250) 
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prickle cells with intercellular bridges and acidophilic inclusion bodies, and 
deepl} stained small basal cells externally The cells m these epidermoid areas 
were irregular in size, shape and staining qualities, and many mitotic figures 
were present, a large proportion of which were irregular and multipolar In 
other areas the tumor showed a glandular structure with cuboidal or columnar 
cells arranged in the form of small or large, round or elongated acini, which 
occasionally contained degenerated material These glandular cells were fairly 
uniform in appearance, with deeply stained granular c\toplasm and large, some- 
times multiple nuclei showing frequent mitotic figures Epidermoid, glandular 
and undifferentiated cells occurred independently, side by side or intermingled 
In one area cells in a transition stage between glandular and squamous cells were 
observed in some of the large acini Necrosis and hemorrhage were inconspicuous 
features The stroma of the tumor was composed of adult, poorly vascularized 
connective tissue infiltrated with inflammatory cells 

Assoeiated changes in the liver, gallbladder and kidney were of interest The 
liver showed slight degeneration, necrosis and pigmentation of the cells of the 
inner portion of the lobule and rather marked fibrosis as well as small round 
cell infiltration of the portal radicles and considerable proliferation of the small 
bile ducts The wall of the gallbladder was thickened by hypertrophied muscle 
and fibrous tissue, and there were many small hemorrhages as well as a few 
local collections of lymphocytes The renal epithelium of the convoluted and 
Henle tubules showed marked degeneration, necrosis and biliary pigmentation 
(The significance of these changes in the kidney following biliary obstruction 
and operative decompression of the biliary tiact has been discussed by Lieber and 
Stewart 2) 

CASES FROM THE LITERATURE 


Plcitge’s Case^ — Adenosquamous catemoma of the peiipapillaiy pottion of the 
duodenum 


A man aged 54 years died with clinical manifestations suggesting carcinoma of 
the pancreas with obstruction of the biliary ducts Autopsy revealed a large, 
centrally necrotic carcinoma of the duodenum about the papilla of Vater accom- 
panied by infiltration of the head of the pancreas, obstruction of the common 
and the pancreatic duct and metastasis to the hilar and pancreatic lymph nodes, 
the hver and both lungs The neoplastic growth consisted for the most part 
of strands and cords of flat cells varying in size and shape, and of scattered 
epithelial giant cells These cells were frequently connected by intercellular 
bridges and occasionally formed epithelial pearls In some areas, espccialh t ose 
adjacent to the normal duodenal mucosa, elongated and round acini lined by a 
S'ugle row of cuboidal and cylindnc epithelium were observed Elsevv ere tie 
lining cells were m part cylindnc and showed transition to the pavement tvpe 
The metastases in the liver, lymph nodes and lungs also showed a mixture ot 
adenocarcinoma and squamous carcinoma 

Lagcdcr’s Case^ — Adenosquamous caicmoma of the suprapapdlary portion of 
the duodenum 


^ 2 Lieber, AI and Stewart, H L Renal Changes Follow mg Bd.arv 

Obstruction, Decompression and Operation on the Biliary Tract, \rcti 
19 636 (May) 1935 , p 

3 Plenge, C Beitrag zur Frage der Krebse mit ortsiremdem Ep.thel, 
\»-cho\vs Arch f path Anat 264 370, 1927 

4 Lageder, C Un caso di carcinoma parap.lorico d.morfico dd duodenn, 

eon metaplasia epidermoidale e metastasi ovirica, Clin me in *■ > 
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A woman aged 49 years, complaining of jaundice, a sense of pressure in 
the abdomen, loss of appetite and insomnia, died two months after the onset of 
illness Autopsy revealed an ulcerated tumor, 5 cm in diameter, in the posterior 
wall of the duodenum in its first and second portions The first portion of the 
common bile duct was surrounded and obstructed by the neoplastic mass, but 
the ampulla of Vater was completely free There were metastases to the liver, 
regional lymph nodes and right o%ary The tumor varied considerably in the 
different sections, being almost entirelj scirrhous in some and cellular in others, 
and was accompanied by the formation of acini which occasionally showed 
papillary projections In one section there were pronounced pleomorphism and 
hyperchromasia and numerous mitotic figures Another section show’ed a trans- 
formation into epidermoid elements, with voluminous cells occurring singly and m 
groups of ten to twenty or more to form large plaques in the centers of which 
W'ere fusion of cjtoplasm and beginning keratimzation 

Matcer and Hartman’s Case ^ — Adenosquamous caicinoma of the peupapillary 
portion of the duodenum 


The patient was a man aged 54 years, with malaise, anorexia, low grade fever, 
jaundice, epigastric fulness and pain of seven months’ duration At laparotomy 
there was marked distention of the extrahepatic biliary passages, and a firm 
mass was palpated adjacent to the head of the pancreas A cholecystostomy was 
performed, and the patient died two months later At autopsy the ampulla of 
Vater was filled with a friable, grayish tumor mass which extended through 
the papilla onto the duodenal surface as a flat, rough, granular, nonulcerated nodule, 
2 cm in diameter There were extension to the head of the pancreas and metastases 
to the liver and the regional lymph nodes Microscopic section of the tumor 
showed unusually large, irregular neoplastic glands lined by high columnar cells 
intermingled with solid masses of squamous epithelium well differentiated in 
places but with no distinct epithelial pearls 

Cohen and Colp’s Case^ — Squamous caicmoma of the pe> ipapdlary portion of 
the duodenum 


W'oman aged 47 years complained of progressively increasing jaundice, 
OSS of weight, clay-colored stools and dark urine of two months’ duration At 
aparotomy the common bile duct was opened, and a probe was easily passed into 
the duodenum The patient died eight hours after cholecystostomy At autopsy 
t e papilla of Vater appeared prominent and nipple shaped, and considerable force 
^ probe through its orifice, which was surrounded by a 
small firm mass of whitish tissue There was an enlarged hard lymph node adjacent 
to the cjstic duct Histologic sections of the papilla of Vater showed instances 
o transition from spheroidal cells to typical squamous carcinoma 

Schussler’s Case '^Squamous caicmoma of the suprapapillaiy poition of the 
duodenum (reported in tabular form only) 

3ged 75 years complained of colic lasting for four months and jaundice 
or our w eeks Autopsy revealed a stenosing carcinoma of hazelnut size 


5 Mateer, J G , and Hartman, F W Primary Carcinoma of the Duodenum 

Pathologic Aspects, with Differential Diagnosis, J A M A 99 
1853 (Nov 26) 1932 

6 Cohen, I, and Colp, R Cancer of the Peri-Ampullary Region of the 
Duodenum, Surg, Gjnec &. Obst 45 332, 1927 

7 Schussler Ueber das Verhalten der Gallenblase bei Choledochusverschlussen, 
Reitr z klm Chir 115 433, 1919 
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immediately above the papilla of Vater, with extensue metastases in the liver 
and the Ivmph nodes Slighth cornif 3 'ing squamous carcinoma was the histologic 
diagnosis 

COMMENT 


The incidence of the type of tumoi dealt with in this communica- 
tion IS low Of 416 cases of caicinoma of the peiipapillar\ portion of 
the duodenum,® in 222 the diagnosis was proved histological!} , m these, 
2 growths were of the squamous, and 2 of the adenosquamous, type, 
giving an incidence of about 1 0 per cent foi each, or a total of about 
2 per cent Of 113 reported cases of caicinoma of the supiapapillary 
segment (Stewart and Lieber®), in 41 there were adequate clinical 
histones and gross and microscopic studies , of these 41 cases 1 each 
was of a squamous and an adenosquamous caicinoma, giving an incidence 
of 2 4 per cent for each 


In the present series, death occuned within two to seven months 
from the onset of symptoms, the average duration of illness in 5 cases 
being only four months Three patients who were subjected to palliative 
cholecystostomy died eight hours, one day and sixt} days, lespectnely, 
^fter operation There were 4 men and 2 wmmen, with ages ranging 
from 47 to 75 years, the average age being 54 6 years All the patients 
exhibited jaundice, and 3 had abdominal pain One or moie of the 
following symptoms were also present a sense of pressure in the 
abdomen, abdominal distention, loss of appetite, loss of weight, fever 
and eructations The liver and occasionally the gallbladder were 
palpably enlarged and usually tender However, a correct clinical diag- 
nosis of the cause of the biliary obstruction was not made in any case 
At autopsy, metastases were demonstrated in all 6 cases in the regional 
lymph nodes, m 4 cases m the liver and in 1 case each in the pancreas, 
lung and ovary 

The origin of the tumors situated in the suprapapillary segment of 
the duodenum was clearly from the duodenal mucous membrane, but 
the exact source of the vaterian cancers was obscure As the source of 


the latter, five possibilities exist, namely (1) the duodenal mucosa 
covering the papilla of Vater, (2) Brunner’s glands, (3) the cells lining 
the terminal end of the common bile duct, (4) those lining the corre 
^ponding portion of the pancreatic duct and (a) those lining the ampu a 
of Vater, when that is present Because of the complex arrangement, 
the normal anatomic variation and the intimate relationship of the struc- 
fores m this small area, together with the tendency for earh neoplastic 

8 Lieber, U if , Stewart, H L, and Lund, H Carcmoma m the Peri- 
Papillar\ Portion of the Duodenum, Ann Surg 109 219 and 08 , 3 , 1 ' 

. 9 Stewart, H L, and Lieber, M M Carcinoma^oi tlie Suprapapil!ar> 
ortion of the Duodenum, Arch Surg 35 99 ( Tub ) 1 a/ 
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spread, it is practicalty impossible to deteimine the exact point of origin 
of tumors in the region of the papilla of Vatei 

The genesis of squamous oi adenosquamous cell carcinoma in this 
region is unknown The theory that such tumors may be the result of 
overgrowth from, or inclusion of, adjoining epithelium of a different 
type is unsatisfactory, since the distance from the esophagus, the nearest 
structure normally lined by squamous epithelium, is too great to admit 
of this possibility Such neoplasms have also been ascribed to ectodermal 
rests or inclusions of indifferent cell masses exhibiting postembrj^onic 
growth Metaplasia offeis a more obvious and rational explanation, since 
It maj occui in chionically inflamed tissues, especially when they are 
subjected to chemical or mechanical irritation, such as that inflicted by 
stones in the biliau ducts In the series of cases under consideration 
theie IS lack of information bearing on this point, although it was stated 
that cholec} stitis was present in 3 cases and gallstones in 1 Sereral 
hypotheses have been suggested in explanation of the occurrence of 
glandular and pavement epithelium in the same neoplasm The tumoi 
may arise in pieviously normal glandular epithelium which reverts to a 
moie primitive stage of differentiation (anaplastic metaplasia) Other 
possibilities include (1) heterotopia of squamous cells followed by 
paitial differentiation to a higher stage (progressive metaplasia or 
prosoplasia) and (2) a multicentric origin from heterotopic squamous 
cells and the adjacent, previously normal glandulai epithelium 

SUMMARY 

A case of adenosquamous carcinoma of the peripapillary poition of 
the duodenum is reported Five additional examples of heterologous 
metaplasia in this region are reviewed 
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Surgical treatment of the gastric crises of tabes doisalis has only 
recently offered promising and definite results It is now lecognized 
that the usual types of antiS 3 'phiIitic theiapy ha\e little effect on such 
crises Stokes^ stated that “marked amelioiation of symptoms is pos- 
sible in 24 per cent, the usual lesponse consisting in reduction in seierit} 
and length of attack with or without an increase of intervals between 
them — Fever therapy and especially malaria often afford striking 
temporary relief and the response may even be piolonged 

In outlining intelligently any form of surgical theiap)'’, one must 
take into account the ph3'siology and the pathologic ph3Siolog3'^ involved 
At present, concepts concerning the ph3'siologic mechanism of Msceral 
pain are controversial, so that in a measure suigical effoits haie been 
of the trial and error type Indeed, it is moie likely that the lesults of 
carefull3 controlled clinical experiences will solve certain physiologic 
problems than that animal experimentation will do so Foi example. 
It is by no means settled how or by what pathiva3S Msceial pain is 
niediated to the central nervous system There is a difference of opinion 
concerning whether a pathologic viscus sends pain impulses to the central 
nenoiis S 3 'stem by way of visceral afferent neive fibers, whether the 
"'hole mechanism is one of referred pain, ivith the pain impulses 
t'a\eising strictly the somatic afferent fibers, or whether a combination 
of direct and ref ei red pam obtains 

The theories concerning visceral pain ha\e been adequateh icMCwe 
hy White - and b3' van Bogaert and Verbrugge ^ These authoi s ia\ e 
presented excellent bibliographies 


From the Department of Surger\, Neurosurgical SerMce, College of - le 
Finwersih of Iowa c , 

1 Stokes. J H Modern Clinical SyphiIoIog\, Philadelphia, W B .mincers 

’“Onipam, 1934, p 1203 ™ 

2 Ahite, J C The Autonomic Nercous Sisteni Anatonn, Plns.olo^^, 

■"Id Surgical Treatment, New York, The Macmillan Compam IVoa Curmcal 
. " 'an Bogaert. L. and Verbrugge, J The PathogencMS and^the Sur^jaal 
Jriatment of Gastric Crisis of Tabes Ncurorami'ectonw, Surg G 
a-13 1928 
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However, it is generally agreed that in the case of gastric ciises 
or of any of the forms of pain associated with tabes the lesion involves 
the roots of con esponding nerves This simplifies the surgical problem 
to some extent Neveitheless, it is still unknown whether such a lesion 
(with respect to pain) involves visceial or somatic afferent nerve fibers 
or both and, m the case of visceral affeient fibeis, what the remote 
implications with regaid to the visceral neivous system may be 

In this connection it is inteiestmg to note that the “posterior column 
losses” were minimal in our patients It would appear that when loco- 
motoi ataxia supervenes, indicating an advanced deafferentation, the 
lesion itself will haie destio)'ed the pam-bearing fibeis 

Because of the vagal phenomena (nausea and vomiting) often asso- 
ciated with gastric crisis, it has been felt that the lesion imolves the 
roots of the vagus nerve (Foeister or that the vagus nerve plays some 
primary oi independent lole (Oldberg®) Oldberg, in reference to 
chord otoin}^, stated “Theie aie certain things one must not expect 
this operation to do — one is to rehev^e the vmmiting which is so often 
associated with gastric crisis of tabes doisahs This vomiting is vagal 
m chaiacter and so, of couise, would not be affected by a spinal cord 
operation ’ This expresses, undoubted!}'’, a rather general feeling, but 
the choidotomies in our cases eliminated both pain and vomiting 
Van Bogaert and Verbrugge ® stated that as far as vagal crises are 
concerned subdiaphragmatic vagotomy is ineffective and section of the 
roots of the vagus neive as proposed by Foerster * has not been done 
sufficiently often to peimit one to pass judgment on its meiits In 1 
of their cases of the vagal type of crisis, amelioration obtained by section 
of the thoracic loots was so remarkable that for the time being they 
have decided to discard the various operations on the vagus nerve 

In addition to insisting on differentiation between splanchnic and 
vagal crises, Foerstei * has suggested the nnpoitance of the phrenic 
nerve m certain cases He concluded that disease of the phrenic nerve 
causes a special type of crisis, characterized by pain in the shoulder, 
hyperalgia of the neck and hiccup Foerster would utilize the 
radiculospinal operation for the splanchnic foim of crisis and section 
of the roots of the vagus nerve for the vagal forms 

We feel that the outstanding vagal reactions have been misleading 
In all probability the nausea and vomiting associated with gastric crisis 
are a secondary phenomenon and reflex to the primary stimulus H 
impulses fr om the primary stimulus are eliminated, the vomiting should 

4 Foerster, D Foerster’sche Operation (No 7) Discussion uber den Vor- 
Verhandl d deutsch Gesellsch f Chir , 1910, pt 1, PP 

^9-31 and 42-46 

19 Chordotomy for Relief of Pam, S Clin North America 
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cease also It is unnecessai}’- to assume that the \agus nerve is pnmaiily 
imolved by the lesion in oidei to explain the associated leactions 
Severe stimuli to the vestibular end oigan cause njstagmus, dizziness, 
past pointing and vomiting, but one would not asciibe the njstagmus 
to a lesion oi a direct stimulus of the third, fourth and sixth ner\ es or 
the roiniting to a direct stimulus of the vagus nerve These leactions 
are integrated responses to the v estibular stimulus, and all are eliminated 
by section of the vestibulai neive We feel that the vmmiting associated 
with gastric ciisis is in the same sense a reflex response to a sev’^ere 
stimulus of splanchnic afteient neive fibeis, the stimulus occuiring at 
the spinal roots The mechanism is subset ved by the vagus nerve, but 
if impulses from the primai}' stimulus weie eliminated, this paiticular 
reflex mechanism of vomiting would also be eliminated This proceduie 
would not stop v'omiting that is reflex to other stimuli Fraziei ° has 
touched on this problem, vvuth much the same conclusions 

Foerster called attention to the important role of the posteiior loots 
in the mechanism of gastric crisis, but posterioi radicotomy of ev^en a 
large number of roots has not been uniformly successful In opposition 
to the Bell-Magendie law, he defended the concept that anterior roots 
conduct certain types of sensibility and stated that in 1911 he began to 
resect the anterior roots However, after cutting posterior and anterior 
roots and even the spinothalamic tiacts, Foerster concluded that the pain 
iriust take some other loute than that which he eliminated He stated 
One must think of the possibility of pain stimuli being conducted from 
the stomach by way of the periarteiial sympathetic plexus of the gastric 
vessels, the aortic plexus, the sympathetic trunk, and from there to the 
cord by the corresponding rami communicantes (eighth cervucal to third 
lumbar roots) ” 

We feel that heiem lies the crux of the problem, that the rhizotomv 
(of posterior roots) has not been carried high enough ^ Certain y 
chordotomies below the third dorsal segment have not been uniformly 
successful, but in our 8 cases bilateral chordotomy above the third dorsal 
segment has resulted in complete cure, and theie has as yet been no 
return of pam in any of the cases Thus, it ma}'^ well be that some 
splanchnic afferent fibers course upward in the s}mpathetic chain to 
enter the cord at least as high as the third dorsal segment an it 
rhizotomy were carried to that level it might be uniformlv e ectne 
f^or this operation to be complete, however, it would be nccessarv 


6 Traner, C H Surgerv of the Spine and Spiml Cord, Xcu -iorl D 
PPkton and Companj, 1918, p 702 

7 rrizicr.c in explaining the failures of rhizotomv, ■^uggeWee t ic P®"’ ^ 
hrt some afferent svmpathetic fibers from the stomach mw enter the cord 

V'el higher than the fifth thoracic segment 
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cut the roots from the third doisal to the twelfth dorsal inclusive and 
possibly to the second lumbar 

The method of neuroramisection (technic of von Gaza) has been 
used by van Bogaert and Verbrugge ® It consists of extraspmal section 
of about the sixth to the tenth spinal nerve, including section of the 
rami commumcantes to these neives If the lesion is m the posterior 
roots, it IS difficult to see how this operation can be effective All visceral 
and somatic afferent fibers are severed distal to their cell bodies as well 
as distal to the lesion Three cases are reported In the first case, the 
seventh to tenth dorsal nerves with then rami were severed on the right 
The patient seemed better and was relieved of pain, but died in three 
weeks of cachexia In the second case, the seventh to eleventh dorsal 
neries and their rami were severed on the right After three months 
the crises retuined The fifth and sixth nerves on the right were 
severed, resulting in cure for nioie than a year In the third case, the 
sixth to tenth dorsal nerves and their rami were seveied on the left Six 
months after operation the pain remained suppressed on the left, but 
not entirely on the right, and the mild gastric disturbances were not 
improved 

Frazier ® summed up the situation to 1918 by listing the operations 
which are directed at peripheral neives and those which lesult m degen- 
eration of posterior roots Among the foimei he discussed stretching 
of the solar plexus (Jaboulay, 1900) (The technic of von Gaza should 
e included here ) Among the lattei he discussed the following 
methods 1 Extraction of the peiipheial nerves with their gan- 
g ions This operation has been associated with a high moibidity and 
mortality, and its effectiveness depends on destiuction of the posterior 
roots 2 Extradural ganghonectomy (Sicard and Desmorest, 1912) 
ihis should be applicable onl> to lesions of the thoracic region At the 
tin^ 0 Frazier s report the operation had not been given sufficient trial 
6 Extradural rhizotomy (Guleke, 1910) This does not diffei in effect 
rom intradural section of posterior roots except that it unnecessarily 
me u es anterior roots 4 Ligation of both anterior and posteiior roots 
( ame and Tinel, 1913) 5 Intradural rhizotomy (Foerster, 1909) 

is has been discussed previously It was endorsed by Frazier as the 
most ogical procedure Frazier stated that the sensory sympathetic 
^ ° S^strointestinal tract includes positn^el}' the fifth to twelfth 
t oracic nerves and possibly the first and second lumbar neives 
t lough in most cases crises originate between the level of the seventh 
an t lat o the ninth thoracic segment, many patients are not relieved 
3 section restricted to this region The results of Foerster’s rhizotomy, 
ased on /3 cases in the literature, are expressed as follows 2 in 10 
patients cured, 4 in 10 improved, 1 m 10 unimproved, 1 in 10 dead and 
t le remainder not clearly reported on or dead soon thereafter 
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Frazier did not condemn choidotomy, but by 1918 theie bad not 
been sufficient experience with this pioceduie to wan ant conclusions 
Kahn and Barne) ® lepoited the case of a patient in whom a bilateral 
chordotomjr was done at the level of the fifth thoiacic segment The 
level of loss of pain was at the umbilicus, and the crises wete not 
relieied The splanchnic nerves weie sectioned, and latci the lami 
communicantes of the eleventh and twelfth thoracic nenes The pain 
still being unrelieved, a bilateral chordotomy was done at the seventh 
cenical segment and was followed by complete leliet 

iMixter and White ® reported the case of a patient wdio had severe 
pains in the left lower ribs and m the left side of the abdomen for four 
years He w'as addicted to the use of morphine and had had thiee 
previous operations Bilateral chordotomy failed, but the operation 
was not complete, as was showm by sensory examination Section of 
the posterior roots from the fifth to the tenth dorsal inclusive gaie no 
relief Removal of the seventh to the ninth sympathetic ganglion gave 
relief from the pains in the left side of the abdomen Lastly, laini- 
sectomy from the fourth to the seventh dorsal segment inclusive gave 


relief from the thoiacic pain 

White - (page 288) reported the case of a patient in w hoin por- 
tions of the right major and minor splanchnic nerves w'ere lesected 
beneath the diaphragm The patient w'as relieved of seveie pain m 
die right upper quadrant of the abdomen for tw'o months, but the 
pains shifted to the right lower quadiant It w'as necessary to perfonn 
a chordotomy to obtain complete leliet White stated that in the future 
he intended to utilize von Gaza’s ramisectomy or injection of alcohol 
and procaine hydrochloride into the thoiacic lami as the therapy of 
choice for gastric crises He had concluded that section of the spino- 
thalamic tract should be leserved foi patients who fail to obtain lelief 
"ith other operations or for patients with widespread invohemcnt of 
the low'er extremities 

Platou and Sathre^" reported a case of gastric crisis in which com- 
plete cure to the time of writing (twelve months) was obtained after 
bilateral choidotomy at about the second and third dorsal segment <= 


E a , and Barnev B F Anterolateral Chordotomv lor Intractable 
P-nn of Tabes Dorsalis, Arch Neurol & Psvclnat 38 4G/-4/- (Sept ) 19a 
9 Mixter, W J, and White, T C Pam 

„ A_„I, Psichiat 25 986 'll 


mpathetic 


\V J , dliU I — 

''•cr\ous Svstem Clinical Evidence Arch Neurol d. 


<>1: oRr, 007 


1931 

10 Platou E, and Sathre, H 
bduicn im Ruckenmark) bei Tabes 
1934 


Chordotoniie (Durclitrcnnuiip dcr Scl nitrj- 
dorsahs \tta chii Scandinav 75 2=^^ 272 
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So far as we can ascei tarn, Benedek and Huttl are the only authors 
who have expressed definitely the belief that chordotomy is an ineffec- 
tive and dangerous tieatment for gastric crises After an experience 
with 3 cases they endorsed conservative therapy and stated that they 
would turn to chordotomy only as a last lesort In their first case 
the crises returned aftei a month The patient in the second died after 
the operation, and the patient in the third acquired pains in the legs 
after the operation 

We would, of couise, advise that conseivative therapy be given a 
trial and certainly that the syphilis be given adequate tieatment before 
an operation is consideied Howevei, it should be borne m mind that 
such drastic therapy as the malana tieatment uill often ha\e a severe 
influence on a patient uho already is in a poor state of health This 
treatment gave practically no benefit m oui cases, and m certain instances 
it had to be terminated because of untowaid reactions Conservative 
therapy can at times be more radical than ceitain forms of operative 
therapy 

We are reporting 8 cases of gastric crisis tieated by anterior chor- 
dotom}’' The first case is reported somewhat m detail in order to dem- 
onstrate the motor and sensory effects of complete section of the 
anterior quadiants of the coid Cases 2 and 3 have been reported in a 
previous communication 


REPORT OF CASES 

Case 1 — J J , a white man aged 38, was referred to the department of neu- 
ro 0 ^ on June 16, 1937, by Dr Robert Netohcky, of Cedar Rapids, Iowa 

Since 1935 he had suffered severe spells of \omiting accompanied by acute 
abdominal pain At first these attacks occurred every six months They had 
progressed in frequency since January 1937, there being at least one attack every 
J J ^ attacks but the fear of them had broken the patient’s morale 

T io« ^ in the past ten months 

n It was found that he had a positive Wassermann reaction Antisyphilitic 
erapy, consisting of forty intravenous and thirty intramuscular injections, was 
gi en he patient had no knowledge of a primary lesion 

Past History —He had been m good health until 1935 Appendectomy and an 
operation on the gallbladder were performed m that year 

Eramimhon—The patient was dejected and badlv nourished Although Argyll 

fint! ^ ^ 'vere present, the neurologic examination otherwise gave essen- 

i nega ive results There was no clinically demonstrable involvement of the 
posterior columns 

Tfie value for hemoglobin was 14 Gm per hundred cubic 
imeters o f blood There were 5,300,000 erythrocytes and ^5,700 leukocytes per 

pactrtfiM Huffk T Ueber den Wert der Chordotomie bei “Cnse 

gastnque, Beitr z klin Chir 161 621-644, 1935 

O B . and Van Epps, C Possibility of Differential Section of 
1053 fju°ne) S ^ Histologic Study. Arch Surg 38 1036- 
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4RCHIVES OF SURGERY 


The operatoi (0 H ) is convinced that he sectioned the entire anterior half 
of the cord and consequently all of the descending e\trap 3 ramidal tracts evcept 
possibl} the posteriorly placed rubrospinal tracts 

Com sc — The patient made an uneventful recovery All the sjmptoms related 
to the gastric crises, including pain and vomiting, have been completely abolished 
to the time of writing (twenty-five months) 

Discrimination of pain and temperature was abolished from the fifth dorsal 
segment down, although sensitivity to light touch, pressure and vibration, two point 
discrimination and sense of position were not essentially impaired at any time 
For about ten days the patient complained of “girdle pain” m the third dorsal 
segment, but the pain (as well as a degree of hyperesthesia) w'as limited to this 
segment 

For file days (including the day of operation) he w^as unable to move his legs 
On tJie sixth dav loluntan function began to return and progressed gradualh to 
100 per cent recovery During the five day period the paraplegia was flaccid, with 
complete absence of all reflexes, including the flexion reflexes On the seventh 
day the knee jerks w'cre 1-|- bilaterally, and they developed gradually to 2-F by 



Fig 1 — Diagram illustrating the manner in wdiich the cord was sectioned m 
case 1 P indicates postenoi root , D , dentate ligament , A , line of anterior roots 

the twenty-fourth day The achilles tendon jerks made their feeble appearance 
several days after the appearance of the knee jerks and developed to l-f- bilaterally 
by the twenty-fourth day Response to plantar stimulation appeared after the 
return of the ankle jerks and w'as present to a normal degree by the twenty^-fourth 
day 

Since the operation there has ne\er been the slightest semblance of so-called 
upper motor neuron signs — extensor spastiatyq hyperactive deep reflexes, dorsi 
flexion of the great toe, or ankle or patellar clonus 

Voluntarv control of the bow^els and bladder was lost for about sixteen days 
and then gradualh returned to normal 

The patient felt most grateful for the relief from his crises His interest m 
life and his ambition returned, and when he realized that he could retain food his 
appetite increased rapidly 

nionth after the operation the flexor and extensor strength of his legs vas 
per cent During recovery there w^as never the slightest evudence of asynergV) 
ataxia, incoordination or tremor The heel to knee and the toe to finger test were 
normalh performed In short, when motor mov'ement became possible, there was 
never anv disturbance in the pattern 
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although ,ns.a£.n,u. and past 
po hng of the upper extremities were normal, for some reason there was no past 

and consequent^ this studv tailed o attain its 
intended significance postoperatively 

cJV?i! palpation that the muscles of the thighs and cihes were 

. a 3, and without tone At the time the patient was discharged (the twent}- 
in postoperative daj') he was walking and performing in all respects with normal 
moiement pattern but was easily fatigued A walk of twenty steps would cause 
0 perspire from fatigue Motion pictures were taken as a record of his gait 

months after the operation a follow-up cxamma- 
sealed the patient to be healthy appearing, contented, ambitious and grateful, 
mpri He had been rvorking full time at his trade carpentrc and 

e T around scaffolding with ease He had ga ned 25 

LI operation He slept well He had full control of 

die bow'els and bladder 

E neurologists who examined the patient, Di Claience Van 

^bn ^ C G Barer, stated that they were unable to elicit a single motor 

nor^'^T^ lower extremities Station, gait, hopping and running w'ere 

nieid^ f accompanied by no more than ordinary fatigue Alternate move- 
ata\ * ° ^ lower extremities were normal There was no etidencc of asinergj, 

la or incoordination The reflexes were as follow's 



Knee 

Achilles 


Biceps 

Jerks 

Tendon 

Plantar 

2 + 

2-f 

1 + 

Flexion 

2 + 

2-v 

1 + 

Flexion 


Eight 
Left 

'T'l , 

Pati ^dd calf muscles w'ere normally firm and solid to palpation, and the 

'lould hold his leg suspended from the table exceptionally well without 
becoming fatigued 

Status There was loss of appreciation of pain and temperature from 

dorsal segment down 


The 
follow S 


cutaneous reactions of the shins to various tests and stimuli were as 


Pain 

Cotton 

Heat 

Pallesthesia 

discrimination 
of position 

At 


0 

100 per cent 
0 

100 per cent 
8 cm 
Good 


is a I low'er extremities feel comfortable and are ne\cr numb There 

Ills ] ' ®*^d^^hon of warmth The patient can sense accuratch when the hairs 01 

1 pulled, but the sensation is unaccompanied b\ pain He slates tint 

contini^'^'^^*^^ dragging of a blunt stick across lus skin The soks 

l^teatli ticklish as the\ were prior to chordotoms He senses accuratch 

He ca ° °d Eis lower extremities but cannot discnmmate its temperature 
diitt hi^'^ appreciate the presence of water on his legs and once he was unaware 


lost, 

On 


^IK^ 


Icotisers were soaking wet The psechic power of erection is completeh 
though a moderate desire for intercourse remains, the act is impossible 


III crcc^io^''^’ Poweeer, in the morning before the bladder n emptied he has noticed 
He Ins 


fcmained well to the lime 01 writing (two 3 cars) 
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Case 2 — L K , a white man aged 56, was referred by Dr Charles Dimond, of 
Keokuk, Iowa, on June 8, 1937 

He complained of severe attacks of abdominal pain and vomiting for the past 
three years, loss of 15 pounds (7 Kg ) in weight in the past six months and 
difficulty in voiding urine for fen years The abdominal crises consisted of sharp 
attacks of colicky pain referred to the epigastrium The attacks were accompanied 
by vomiting and retching but were unassociated with meals They often occurred 
on several successne days They occurred at least once a week and were relieved 
only by hypodermic injections of morphine 

He contracted syphilis in 1913 and stated that he had had one hundred injec- 
tions, intravenous and intramuscular, since that time 

Evamtnahon — The positive findings on neurologic examination were absence 
of the pupillary reaction to light and in accommodation, weak knee jerks on reen- 
forcement, absence of the right ankle jerk on reenforcement, and slight swaying 
with the heels together and the eyes closed 

Laboiatoiy Data — The blood and urine were normal The spinal fluid con- 
tained 16 lymphocytes per cubic millimeter and 40 mg of protein per hundred cubic 
centimeters The Wassermann and Kahn reactions were positive on one occasion 
and negative on two 

Treatment — The patient was given malaria therapy, but tlie blood pressure 
dropped so low with the fifth chill that the treatment was terminated He then 
received courses of iieoarsphenamine, a bismuth compound and tryparsamide 
During the treatment he had a gastric crisis lasting six days 

He was discharged in August with instructions to continue treatment and 
progressed satisfactorily until December, when the crises returned with their 

previous severity From this time on he had a continuous girdle-hke sensation 

about the waist and continued to lose weight 
He returned to the hospital on March 20, 1938 

Operation — On March 26 the second, third and fourth dorsal arches wets 

removed, and a bilateral chordotomy was performed m the region of the thir 

segment The right spinothalamic tract was completely sectioned , on the left a 
superficial anterior section was made so as to eliminate pain in the chest an 
abdomen without iniohing that in the leg^® 

Function of the bladder was regained on the day after the operation, and motor 
function of the lower extremities was not impaired 

Result — The patient has been free of both pain and vomiting to the tune of 
writing (sixteen months) i* 

13 Differential section of the spinothalamic tract has been discussed m ^ 
previous paper, ^2 in which the case of this patient was reported, with diagram 
illustrating the pattern of the section and the sensory changes 

14 At the time the proof of this paper was read the patient had tcturne 

the hospital complaining of a recurrence of the crises On Nov 13i ’ . 

analgesia over the right side of the chest was found to have practically disappeare 
Anterior chordotomy was repeated, the section being made between the fift 3” 
the sixth cervical segment on the left and between the sixth and the 
cenical segment on the right Sensibility to pain and temperature was os 
the level of the third dorsal segment bilaterally The patient recovered uneve 
fully, and crises have been abolished to the time of writing (two months) 

This case teaches that unilateral chordotomy will not abolish gastric cris 
While differenbal chordotomy is a possibility, it is not wise to attempt less t a 
complete section of the spinothalamic tracts in the treatment of gastric crises 
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Case 3— C K , a white man aRcd 27, was referred in April 1938 by Dr C M 
\\nj, of Iowa Falls, Iowa 

Three a cars prcaioiisla his illness had begun with attacks of nausea and 
aomiting associated with a era little pain lhc> occurred at least once a month 
After a jear, sliarp, nonradiating epiga'^tric pain aaas associated avith the attacks, 
and the frcqucnca increased '=0 that he had an attack at least each aveek As a 
rule the attacks lasted scacral daas, occasionalla thc\ lasted as long as ten days 
In contradistinction to most of the other eases m this senes, tlic nausea and 
aoraiting appeared to be more severe than the pain 

In June 1937 a gastroentcrostonij had been performed, after a diagnosis of 
peptic ulcer The Wkassermann reaction was later found to be 4 plus, and he was 
given si\tj-four intravenous and si\tv-four intramuscular injections 
In the past few months he had wet the bed on several occasions 
He had lost weight stcadilj during the past three jears 
During his stav in the hosjiital before operation (one month) he seldom had 
a two daj period free of pain and vomiting During tlic attacks, which would last 
usuallj a daj and a night or two davs, it was necessary to stop administration of 
anjthing bj mouth and to give chloral hjdrate bv rectum and fluid by v'cin 

Evamwattoit — It was striking that the usual signs of tabes were minimal The 
pupils were normal The deep refleves were absent Sensation was well preserved 
Except for some diminution of two point discrimination and sense of position in the 
lower extremities There was slight svvajing with the heels together and the eyes 
closed 

The Wassermann reaction of the spinal fluid was 4 plus 

Roentgen examination after administration of a barium sulfate meal revealed 
a functioning gastroenterostomj opening and an otherwise normal stomach 

Operation — On Mav' 5 the first, second and third dorsal laminal arches were 
removed and bilateral chordotomy was carried out with the region under local 
anesthesia (This ease was reported in a previous paper,^" in which are given 
diagrams to illustrate the manner in which the cord was sectioned and the results 
of sensory examination ) On the riglit a complete section of the anterior quadrant 
was made from the dentate ligament to the anterior median fissure On the left 
the section was begun at a point halfway between the dentate ligament and the 
anterior root and carried to the anterior median fissure 

Result — Recovery was uneventful except for retention of urine requiring 
catheterization for two weeks The patient voided occasionally during this period 
but retained some residual urine He was voiding well when discharged, three 
Weeks after the operation 

Pain and temperature sensibility were lost to the nipple line, but there were 
uo demonstrable changes in other forms of sensation by routine tests 
function in the lower extremities was weak for several days but rapidly returned 
to normal before the patient’s discharge 

There was no semblance of an attack while the patient was in the hospital 
A check-up examination four months later revealed no subsequent changes in 
the sensonum The patient’s strength was normal, and he had gamed 20 Pounds 
(9 Kg ) He had no difficulty in voiding urine Since leaving the hospital he had 
bad four brief attacks of vomiting without pain He was happy over the result 
nnd has remained well to the time of writing (fifteen months) 

Case 4~R R, a white man aged 28, was referred by Dr A J Meythaler, of 
tiarlville, Iowa, on Sept 16, 1938 
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He complained of severe abdominal pain and vomiting of one month’s duration 
On August 28 he was suddenly seized with a severe, knifelike epigastric pain which 
radiated to the umbilicus, and he immediately began to a omit The pain had 
continued almost without interruption until his admission, except for periods of 
relief from hypodermic injections of morphine sulfate (four to six daily) Vomiting 
was extreme There were periods of intractable hiccup He had no desire for 
food, and the sight or smell of it brought on severe nausea and retching During 
several da\s prior to his admission the pain and vomiting had gradually' lessened, 
and these symptoms were slight when he reached the hospital After five days in 
the hospital thev subsided completely, and he left, spurning treatment, against the 
advice of the staff Six days later the pain and vomiting suddenU began again 
and grew steadily worse He reentered the hospital on October 5, anxious to accept 
any therapy for relief 

In 1930 the patient had had a penile lesion In February the Wassermann 
reaction had been 4 plus and he had been treated by intravenous and intramuscular 
injections until September There had been no other manifestation of tabes He 
had suffered from perennial asthma for years 

EvaininaUon — When first seen the patient was doubled up, in the knee-chest 
position, pressing his fists into his abdomen and retching and \omiting constantly 
He vas acutely ill, with evidence of marked loss of weight The right pupil was 
dilated and the left irregular The pupils reacted in accommodation but not to 
light Except for lessened activity of the patellar reflexes there was no e\idence 
of neurosyphihs Sibilant rales and rhonchi were heard over both lung fields 
The abdominal muscles were voluntarily spastic, and there was slight epigastric 
tenderness There was a penile scar 

Laboiatoiy Data — The value for hemoglobin was 90 per cent There were 
4,500,000 erythrocytes and 4,600 leukocy'tes per cubic millimeter of blood The 
Wassermann reaction of the blood was 4 plus The spinal fluid was clear , it gave 
a negatne reaction for globulin and a negative Meyers reaction The spinal fluid 
pressure was normal The fluid contained no cells The Wassermann reaction was 
positive The concentration of total protein was 50 mg per hundred cubic centi- 
meters 

Opctatwii On October 12 an anterolateral chordotomy was performed at the 
eve of the second and third thoracic segments Immediately after section of the 
anterior columns, pain and temperature senses were lost to the axillarv level 

after the operation there were complete motor paralysis 
o tie ower extremities and complete retention of urine Motor function slowly 
returned, and when he left the hospital, on the twenty-fifth postoperative day, he 
vas a e to walk and function of the bladder had returned 

From the operation to the present time (nine months) he has not vomited His 
pain \\as immediately and completely relie\ed and has not recurred His appetite 
IS good and he has gained 10 pounds (4 5 Kg ) There is low grade cystitis which 
causes frequency of urination He is most happy with the result 

r ^ ^ ^ aged 56, was referred by Dr John T Hecker, of 

e ar apids, Iowa, on Sept 30, 1938, with complaints of severe abdominal pain, 
nausea, vomiting and loss of weight for six years 

In July 1932 he was suddenly seized with severe, gripping pain over the entire 
abdomen, and he \omited in projectile fashion This occurred almost daily until 
ecem er 932, when a stoneless gallbladder was removed After the operation; 
u 1 e sti m the hospital, he had an identical attack , this prompted his first 
assermann test, ivhich elicited a positive reaction During the subsequent intensne 
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antis\pliilitic trLnlnicnt lie Iiul no furtlicr attacks IcIciUical episodes began again 
in 1935, recurring at «hoil intcnals lor flircc inonllis pnor to Ins admission 
he had scarcch been free of pain for a da\, had taken dail\ Inpodcnnic injections 
of morphine suliatc and Ind lost IS pounds (8 2 Kg) The pain and \oiniting 
became more and more se\crc 

Gonorrhea was contracted in 1899, but s\plnhs had not been suspected 
Etaiiniiofioii — The patient was cachectic and pallid He presented no positne 
neurologic abiiormalit\ other than irrcgularitv of the left pupil, bilateral!> poor 
pupillar\ reaction to light and reduction of pallcsthctic sense over both tibias 
Laboratoiv Data — The blood and the urine were normal The Wassermaiin 
reactions of botli the blood and the spmal fluid were negatnc The result of the 
Kahn test was cqui\ocal The spinal fluid contained 15 hmphocytes per cubic 
millimeter It ga\c a negatnc reaction lor globulin The \alue for total protein 
was 37 mg per hundred cubic centimeters 

Roentgen examination ot the stomach and of the duodenal bulb sliow'ed no lesion 
Operation — On October 17 an anterolateral cliordotoniy was performed at the 
leiel of the second and third thoracic segments, with the region under local 
anesthesia Pam and temperature senses were immediately lost to the nipple line 
There was transient paral}sis of both legs for lortv-cight hours after the operation, 
tvith the usual brief period of retention oi urine There was no further abdominal 
pain or \omiting The patient left the hospital on the eleventh postoperative daj, 
ambulant and satisfied with the result 

He gained weight and strength and was planning to return to work, but on 
Noiember 8 he died suddcnlj, with cerebral hemorrhage suspected as the cause 


Case 6 — R, a white man aged 49, was referred by Dr F N Cole, of Iowa 
Ralls, Iowa, in February 1939 

He had been treated in this hospital off and on since 1935 His complaints at 
that time were dribbling of urine, shooting pains in the legs, failing vision and 
crawling sensations in the hands and feet He was given routine antisyphilitic 
treatment and a course of malaria in 1937 He was improved for a time, but the 
shooting pains in the legs returned, and in December 1938 he had girdle pains 
associated w-ith nausea and vomiting On his present admission to the hospital 
these crises were occurring daily, and food was difficult to take and retain He 
had lost 15 pounds (6 8 Kg ) in the past two months 

Evammatwii —The significant findings were irregular and unequal pupils with 
^ sluggish reaction to light The deep reflexes were obtained on reenforcement 
There was absence of sensation to pain over the shins The station and gait w ere 
normal 


Laboratory Data —Thaee was mild secondary anemia The urine was normal 
The spinal fluid contained 57 lymphocytes per cubic millimeter The Wassermann 
reaction was 3 plus The pressure was normal 

Operation —On February 8 the upper three dorsal lammal arches W'ere remo\ed 
With the region under local anesthesia The cord appeared smaller than normal, 
the arachnoid was somewhat thickened Bilateral incisions ^^ere ma e in o 
cord, beginning about 2 mm anterior to the dentate ligament and emerging 
3 out 3 mm mesial to the anterior roots and being 2 5 to 3 mm deep e ® 
° the incisions were separated by about 2 cm The patient was teste an oun 
0 have lost sensibility to pain to the nipple hne 

C«,rje_Save for a transient infection of the upper respirato^ tract the patient 
"’ade an uneventful recovery He was discharged in ten da>s He was incontinent 
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to about the same degree as before operation Eight days later he returned because 
ot cystitis, which responded well to the usual management He has since remained 
in good health and completely relieved of the crises (five months) 

Case 7 — A man aged 65, a phjsician, complained of pain from gastric crises of 
eight months’ duration 

He had contracted syphilis in 1897, but after treatment with mercury compounds 
and iodides he was free of symptoms until 1912 He then had photophobia and 
usual difficulties Changes in the pupils were disclosed, and the Wassermann 
reaction was positive ^fter treatment wuth arsphenamine and later with 
neoarsphenamine and bismuth preparations the Wassermann reaction of the blood 
became negatne and remained so He had “lightning pains’’ in the legs in 1919, 
these became so severe that he was compelled to quit his practice in 1937 The 
gastric crises began eight months ago The attacks consisted of severe epigastric 
pain without radiation and were always accompanied by nausea and vomiting 
There had been as many as eight attacks in twentj'-four hours He had taken 
morphine sulfate and dilaudid hydrochloride in increasing doses, so that when 
examined he alternated between Vi grain (24 mg ) of the former and grain 
(4 mg ) of the latter every two hours 

ExaminalJoii The positive findings were unequal, enlarged pupils reacting 
verj slightly to light, absence of knee and ankle jerks, a slightly ataxic gait, 
and diminished sensation to pinprick over the shins Ability to void was diminished, 
and there was about 100 cc of residual urine 

Laboratory Data — Routine examinations of the blood and urine gave essentially 
negative results The Wassermann reactions of the blood and spinal fluid were 
negative 

Operation— On March 28, 1939, the upper three dorsal laminal arches were 
removed The second posterior thoracic root was sectioned on each side, and 
ilateral chordotomy was performed m the same manner as in case 6 Cutaneous 
sensibility to pain and to temperature was lost to the nipple line 

Cow sc The postoperative course from a surgical standpoint was uneventful, 
but the problem of withdrawal of narcotics had to be met with the greatest 
patience The morphine and dilaudid were gradually replaced by codeine over a 
peno of ten da>s and at the time of his discharge, twenty-five days after the 
operating he was receiving only 1 gram (0 06 Gm ) of codeine sulfate every three 
ours uring the w'lthdravval of morphine he complained of vague pains in the 
legs, bladder and rectum The origin of these pains must undoubtedly have been 
centra here was the usual postoperative retention of urine He regained the 
abihtj- to void urine before leaving the hospital but carried about 300 cc of residual 
T”! -the gastric crisis sjndrome (pain and vomiting) did not reappear The 
strict withdrawal of narcotics, however, was poorly tolerated, and he died of 
circulatory failure two months later, after a ten day period of delirium 

Cv^E 8 A R, a white man aged 33, had had lightning pains in the legs 
oeginning two jears prior to examination Shortly thereafter he began having 
f'” ft chest The pain was located in the epigastrium and did 

■th ^ e ad a sense of constriction as if a band were being tightened about 

e of the chest Vomiting and retching with the attacks were marked 

e £ a e at e had \omited as many as forty times m one day, and he felt that 
e vomiting was worse than the pain The attacks occurred at intervals of about 
wo months and continued for three to four weeks He had acquired an aversion 



H] \PM hV-J IRVlS—rABLS DOR^'lLIS 


1011 


to lood and dnnnq tlic attacks could not keep e\cn a tcaspooiiful of water on his 
stomach There had been 'onic dribbling: oi urine and also diflicuhy in starting 
the urinara stream 

Exammahon — I lie positnc fiiidintrs were Argill Robertson pupils, knee and 
ankle jerks present onh on rcenforceintiit , a positnc Romberg sign, and delayed 
pain sensation o\cr the shins There was Indroncphrosis on the left 

Laboratory Data — ^fodcratc anemia following malarial treatment was present 
There were 3,830,000 red cells per cubic millimeter of blood The urine was 
essentialK normal c\ccpt for mam red cells at times The Wassermann reaction 
of the blood was positnc 

Spmal rixitd — Djinmic and cjtologic tests ga\c negative results The Was- 
sermann reaction oi the spinal fluid was doubtful 

Treatment — The usual anlisvphilitic thcrapj was gnen Malaria wms induced, 
and four severe chills were allowed to occur It was the impression that the 
malaria initiated an attack of gastric crisis which persisted for two weeks 

Operahoxx — On April 25 a bilateral chordotomy was done (with the use of 
local anesthesia) at the second and third dorsal segments, as in the previous case 
Course — Cutaneous scnsibilitj to pain and temperature discrimination w’ere lost 
to the seventh rib on the right and to the nipple on the left Ability to void 
returned in nine daj s, but dribbling continued the same as before operation His 
course was uneventful, and he was discharged, walking normally, on the sixteenth 
The gastric crises, including pain and vomiting, have not reappeared to the 
time of writing (three montlis) 

COMMENT 

In our 8 cases the results were gtatif 3 'ing to the patients and to us 
These are the only patients for whom we have attempted surgical treat- 
ment thus far We feel that chordotomy guaiantees relief from crises, 
but certain demands must be fulfilled The chordotomy should be 
bilateral and should be earned out preferably at the second dorsal 
segment — not lower than the third The spinothalamic tracts must 
be completely sectioned, the cutaneous level of loss of sensibility to pain 
being brought to the nipple line 

From an experience with sixty chordotomies, one of us (O H ) 
feels that he has deduced the fact that spinothalamic tracts are farther 
anterior m the cord than is ordinarily believed An incision 3 mm 
dfiep beginning 2 mm anterior to the dentate ligament and carried 
3 mm mesial to the anterior root will section the tract completely at 
an upper dorsal level (fig 2) The 2 mm region antenor to the dentate 
bgament is “silent” so far as pain and temperature are concerned 
Unless the section is earned beyond the antenor root the level of loss 
of sensibility to pain will not be at its maximum height and the section 
Will not be complete 

There are disadvantages which must be accepted with bilatera 
chordotomy loss of cutaneous sensibility to pain and temperature, 
retention of urine necessitating catheterization for ten days to two 
weeks, the possibility of serious consequences from any incision o 
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the cord (although none occurred m these cases), and the loss of sexual 
function (erection and oigasm) None of our patients appeared to 
regret the loss of sexual function One other patient, however, has 
refused the operation for this reason 

We feel that the significant advantage of chordotomy in the treat- 
ment of intractable gastiic crises is that it offers practically certain 
abolition of the pain and vomiting after one operation, an operation 
which lequires a small laminectomy 

A patient who has spent many hours ovei a vomiting basin, suffer- 
ing agonizing and relentless pain, and who has come to dread the sight 
of food IS in a desperate frame of mind It is striking to note how 
apprehensive the patients aie for a few days aftei the operation lest 
ingestion of food bring on an attack When they are confident that 
the pain and vomiting have been eliminated, they show complete reha- 



Fig 2 — Diagram to illustrate the manner in which a section is made to include 
the entire spinothalamic tract at a high dorsal level P indicates posterior root, 
D , dentate ligament , A , line of anterior roots 


liilitation of their mental outlook Their appetites improve greatly, the 
hemoglobin content of the blood increases and they gam weight AH 
the patients in this series have been grateful and anxious to return to 
a gainful occupation 

SUMMARY 

Eight cases of gastiic ciises of tabes dorsalis are presented The 
patients were treated by bilateral chordotomy at the second and third 
doisal segments In case 1 complete section of both anterior quadrants 
of the cord was made and careful studies of motor function carried 
out In case 2 the spinothalamic tract on the right was completelv 
sectioned That on the left was partially sectioned in order to eliminate 
pain onl} m the chest and abdomen on that side In the remaining 
cases the spinothalamic tracts w'ere sectioned completely on both sides 
In case 5 the patient w'as free of pain and vomiting from the time 
of operation, October 17, until death on November 8, with cerebral 
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hemorrhage suspected as the cause In case 7 the patient died from 
withdrawal of habitualh used naicotics two months after the operation 
The crises were chnnnaled dining tins period how'evei The other 6 
patients ha\e remained coinpletcl} free of pain and vomiting to the 
time ol writing (twenty-fi^e, sixteen, fifteen, nine, fiie and thiee 
months respcctnel}) with the exception of the patient in case 3, who 
has had short periods of \omiting on several occasions without pain 
This patient had prcMousK had a gastroentcrostomj 

-Vfter the operation, function of the bladdei wms legained in sixteen, 
one, lourteen se\en seicn, ten, tw’ent}^ and nine days respectively 
All the patients were walking alone when they left the hospital 
except 1 (case 7), who had not let attempted to w'alk because of weak- 
ness from withdrawal of naicotics 

CONCLIjSIOKS 

Complete bilateral section of the spinothalamic tracts above the 
third dorsal segment abolishes the pain and vomiting associated with 
the gastric crises of tabes 

Retention of urine and occasional motor weakness are transient 
sequelae Loss of sexual function is permanent Considering the 
beneficial results of this procedure, its disadvantages are minimal 
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CONGENITAL DEFORMITIES 


Congenital Pseudmthi osis of the Tibia — Scott ^ briefly discusses the 
condition known as congenital pseudaithrosis of the tibia and presents 
a case in which the patient has been carefully followed from biith to the 
age of 4 years He classifies patients with this type of deformity as 
follo\\s (1) those \Mth well marked anterior angulation, with no frac- 
tuie at birth, (2) those who show slight deformity at biith but in whom 
fiacture and pseudarthiosis deAelop after slight trauma, (3) those who 
ha\e had pseudarthrosis since birth, and (4) those who are normal at 
biith but in whom fractuie and pseudaithrosis develop later The 
author’s patient, at birth piesented maiked angulation at the lower third 
of the tibia, with cyst formation higher in the bone The cyst eventually 
healed and A\as followed b} anothei cj^st in a different place There 
were Hpical sclerosis and nan owing of the medullary space in the low'er 
halt of the bone In spite of caieful piotection wnth casts and braces, 
fracture finall} occuried at the age of yeais and progressed to 


Thib report of progress is compiled from a renew' of 120 articles selected 
irom 152 titles dealing ^\lth orthopedic surgery w'hich appeared m the medica 
literature approximate!} between No\ 1, 1939 and iMarch 1, 1940 
1 Scott, C Am J Roentgenol 42 104, 1939 
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pseudartlirosis The autlioi feels that this condition is a foim of con- 
genital locahrcd osteitis fibiosa cjstica, with a pooi blood supply at the 
point of fiactuic Little is Known about its eaily development 

[Ed Notl Accoiding to oui c\pciiencc, c\st foimation is common 
but is not seen in e\ei} case ] 

Clazv Foot — \ stud} of 152 patients sufleiing fiom clau' foot is 
presented b^ Hallgiiinsson - Theic weie 58 male and 94 female 
patients S}mptoms of this dcfoimily commonl} appealed between the 
ages of 11 and 20 teais FIfl^-thIec of these patients weic gnen a caie- 
ful neuiologic examination Hint} -one had neuiologic s}mptoms, and 
21 had spina bifida 1 he author did not believe that spina bifida and 
congenital m}elod\splasia wcic of etiologic impoitance The data 
pointed to a slowh de\ eloping lesion of the cential nenous system 
The exact natuic of the neivous disoidei was difficult to deteimine, 
since symptoms usuall} did not appeal until adolescence Symptomatic 
treatment w’as commonly given The authoi favois tiansplantation of 
the peroneal tendons rather than cuneifoim osteotoni} About six 
months is required for the weight of the body to flatten and lengthen 
the arch of the foot 

[Ed Note The results of tendon tiansplantations foi this defoimity 
are discouraging Osteotomy when giow'th is almost complete is the 
most satisfactory treatment ] 

Fusion of the Covical Pojtion of the Spine in Congenital Toi ticolhs 
— Giutini ^ reports 2 cases of congenital torticollis w ith fusion of the 
second and third cervical vertebrae This partial fusion induces a 
homologous deviation of the cervical portion of the spine Careful 
roentgen study in all cases of congenital torticollis will help in classifica- 
tion of such anomalies and is important for piognosis and cuie A leMew 
of the literature is given 

Late Results of Closed Reduction of Congenital Dislocation of the 
Hip — Deutchlander,* of Hamburg, Geimany, leports 4 cases 
genital dislocation of the hip in which the patients were follow e or 
many years In the fiist the dislocation was i educed wdien the patient 
was 2 years old and was followed for twenty-eight }'eais While there 
IS no pain or functional disturbance referable to the dislocation, loen 
genograms show extensive degenerative changes in the hip ^vhlCl canno 
be differentiated from hypertrophic arthritis In the second case t le 
patient underwent reduction of a congenital dislocation at the age ot 
3 )'ears The appearance twenty-nine yeais latei was that ot 

2 Hallgnmsson, S Acta orthop Scandinav 10 73, 19.59 

3 Giutini, L Chir d org di movimento 24 519, 1939 

4 Deutchlander, K Ztschr f Orthop 70 38, 1939 
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deformity of the femoral head and of the acetabulum In the other 2 
cases the patients, with reduction performed at the ages of 2 and 3 years 
respectively, showed similar changes in the roentgenograms Functional 
disturbances were not observed At these ages, however, anatomic 
restoration of the hip probably does not occur, since this is a biologic 
deformity and not a true dislocation 

DEVELOPMENTAL DISEASES OF BONE 

Mai hie Bones — Kramer and his associates ® made a chemical analysis 
of bone from an infant aged 4^4 months with marble bones and rickets 
They compared their findings with analyses made on the bones of an 
18 week fetus, a 53^ hour infant, a 6 da}' infant, a 10 year old girl and 
a 29 year old man, none of whom had marble bones They made deter- 
minations of the values for calcium, phosphorus, magnesium, carbon 
dioxide, water and fat The percentages of ash, calcium and phosphorus 
were higher m the case of the infant with marble bones The ratio of 
residual calcium to phosphoius was m harmony with the idea that the 
calcium-phosphorus compound in maible bones is tertiary calcium phos- 
phate They found a high carbonate content and hyperminerahzation 
The high caibonate content was also present m adult and in rachitic 
bone and may account for the increased fragility Hyperminerahzation 
IS not associated with rickets Hence the authors conclude that high 
carbonate content and hyperminerahzation characterize the mineral con- 
tent of marble bones 

Madelitng s Dejounity — Thompson and Kalayjian ® present 4 cases 
of Madelung s deformity with photographs, line drawings and roent- 
genograms This clinical entity, first described by Madelung in 1878, 
IS a disturbance in growth, in most instances bilateral It develops 
spontaneously, never before the age of 13 years and rarely after the 
age of 23 The authors state the belief that retardation of the rate of 
growth must precede prematui e closure of the growth plate of the radius 
if one IS to account for the curvature in the diaphysis Pam occurs only 
vhen the deformity is sufficient to distort or distract the distal radioulnar 
articulation Premature closure of the radial epiphysial line of growth 
occurs, while the ulna continues to grow and projects dorsally and 
distally from the subluxated carpus and hand The clinical symptoms 
consist of pain and limited motion in the carpus and the distal radioulnar 
articulation The hand deviates to the ulnar side The prominent distal 
end of the ulna may be replaced manually to the level of the wrist but 
returns to its dorsal position when pressure is released Treatment, 

f Kramer, B , Yuska, H , and Steiner, M M Marble Bones Chemical 
Anahsis of Bone, Am J Dis Child 57 1044 (May) 1939 

6 Thompson, C F , and Kalayjian, B Surg, Gynec & Obst 69 221, 1939 
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including epiphysial aiiest and latci lesectioii of a poition of the 
diaph 3 sis of the ulna ncai the wiist, was successful in obtaining a joint 
free from pain Coneclive osteotomies at the points of gieatest cuiva- 
ture aftei completion of growth in both bones i educed the defoiinity and 
increased the function of the wu ist and hand 


TUIIHRCULOSIS 


Tnbcuulosis of the Kucc in Childhood — IMcKeevei ' discusses the 
treatment of tuberculosis of the knee joint in infanc} and childhood 
Fort} -seven patients undei 10 yeais of age wnth piored tubeiculosis 
of the loiee were studied to detcimine the lesults ot conseivative and 
of operative treatment Surgical treatment was desciibed as lemoval of 
articular cartilage to produce bony ank}losis between the tibia and the 
femur All other pioceduies weie considered conseivative (traction, 
casts, braces, s}no\cctomy, excochleation, syinpathectom} and extra- 
articular fusion) Conservative treatment for one to nine yeais, an 
average of three }cars for 46 patients, did not lesult in anj case in a 
knee which did not show' clinical signs of active disease One child w'as 
cured by excochleation of a tubeiculous abscess in the tibial epiphysis 
Tw'o died under conseiw'ative treatment Thirty-nine patients w'ere 
subjected to “economical lesection” aimed at pioducing femoiotibial 
sjnostosis Two died as a direct lesult of the opeiation That} -four 
were followed, and 90 per cent w'ere m excellent health Thirtj'-thiee, 
97 per cent, of the resected knee joints w'eie solid clinically and loent- 
genographically , 3 patients lequued two opeiations, 2 requiied three 
operations and 1 required four operations before fusion W'ks accom- 
plished A detailed account is given of distuibances of giowth and 
directional aberrations in a follow-up which ranged from one and a half 
to thirteen years 

Tuhejculosis of the Knee Joint — ^Tourney® reports 222 cases of 
tuberculosis of the knee joint in which fusion of the knee was performed 
m the period from 1915 to 1936 One hundred and ninety-mne of the 
patients were followed from one to seventeen years after operation 
Fusion occurred in 196, or 98 per cent Fixation in plaster was stopped 
at an average of eight months after operation The disease subsided m 
all but 7 patients, in whom sinuses peisisted, and in no fused knee i 
tuberculosis recur Fifty-nine patients were 10 yeais of age or less at 
the time of operation, and 14 were 5 years old or less The diagnosis 
"'as made when flexion deformity, synovial thickening and mar e 
atrophy of the thigh and calf w'ere present, but it could not be proved 


J 


7 McKeever, F M Tuberculosis of Knee m Infanci and 
A M A 113 1293 (Sept 30) 1939 
S Tourney, J W , Jr Surg , Gvnec & Obst 68 1029, 


Cliildhood, 
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except b} exploration of the joint and verification by laboratory methods 
In 146 cases of the senes the diagnosis was proved by the observation ot 
tubeicles in the sections The most common presenting complaint was 
su elhng at the knee , the next, pain, and the next, stiffness Roentgen 
examination levealed or erdevelopment of the epiphyses m frequent 
instances After the fusion operation, adult knees were put up m 10 
degiees of flexion, as the gait was better with that position, while those 
of children vere placed m 180 degrees of extension Use of a plaster 
cast vas continued until solid fusion had occurred There were 14 
patients m this series who were 5 )'ears old or less at the time of the 
fusion opeiation, the youngest being 2 years of age Solid bony fusion 
was obtained in every case in this group, 6 of the patients have been 
follorved from eight to fourteen jears 

Tnhei culosjs of Tendon Sheath — Tuberculosis of the serous bursae 
about the hand is an uncommon complication of tuberculous infection 
Potts ® reports 2 cases in detail Infection in both instances follov ed 
trauma The pathologic piocess A'aries with the duration of the disease 
At flist there is simple synovitis Latei the sjnovial sheath is congested 
vith reddened elevations, and at this stage tubeicles may be found 
Adhesions commonly occur The tendon may become frayed and 
necrotic The sjnnptoms are those of a slow progressive swelling 
followed by stiffness and occasionally tenderness A sinus may form 
The chai actenstic lesions produced by tubercle bacilli must be found to 
establish the diagnosis Treatment consists of care m a sanatorium and 
rest of the part Roentgen therapy has been helpful Surgical extirpa- 
tion may be considered if removal of the diseased tissue will not inteifere 
with future function of the hand 

OSTEOMYELITIS 

^ Complications of Osteomyehtu —Uohavt and Millei have observed 
17 cases of cai cmomatous degeneration of the skin associated with 
diionic osteomyelitis in a senes of 4,796 cases of the latter condition 
The} report in detail 7 cases of carcinoma and 2 cases of “toxic deaf- 
ness of the eighth nerre” complicating osteomyelitis The age of the 
patients in the gioup with cancer vaiied from 52 to 73 }ears, the dura- 
tion of the infection was from one and one-half to fifty years The 
lesions V ere all in the lov er extremities, in 6 cases below the knee, and 
in 1 m the thigh The symptoms were a chronic discharge, slight local 
pain, a foul odor and (in 3 cases) hemoirhage In 5 of the 7 cases 
amputation v as done , in 1 a wide curettement with an Orr petrolatum 
pack was done, and 1 patient died before the necessar} operation could 

9 Pott': F N Men York State J Med 39 983, 1939 

10 Hobart M H, and Miller, OS Am J Surg 45 S3, 1939 
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be perlornied Iso iccuiicncc oi metastasis has been obseived in any 
ot the remaining- 6 patients in a follow-up of one to three years The 
roentgenograms lescalcd nothing chaiactciistic of malignant invasion of 
solt tissues but in some instances showed suspicious moth-eaten areas 
with rarefaction The histologic pictuie in 6 instances w'as that of 
squamous cell carcinoma, in the sesenth the pathologic tissue was diag- 
nosed as sarcoma 


Picsent Stains of Cliiomc Ostcomychiis — McCaiioll and Key 
describe 200 conscculue cases of chionic osteomyelitis Forty-one of 
the patients had been treated foi more than one w'^eek w ith an eri oneous 
diagnosis during the acute stage of the piocess In only 9 was the bone 
drained during the first week of the disease Consequently, about 191 
ot these patients had been ti cated consei vatn ely or by dela 3 'ed operation 
In this entire senes the incidence of secondaij^ osseous foci was 25 pei 


cent, and that of ni\olvement of the neighboring joint w^as 50 per cent 
B} means of standard surgical proccduics and prolonged hospitalization 
with adequate aftei -treatment it was possible to obtain healing in only 
61 3 per cent of 98 patients w ho w ere follow ed for three years or longei 
In 38 7 per cent of these the sinuses continued to dram oi the disease 
healed and recurred during the period of obsenation Of their series 
of 200 cases the authors considei their end results poor in 35 5 pei cent, 
fair in 28 per cent, good m 25 5 per cent and unknowm in 1 1 per cent 
In conclusion they state the belief that cure of the disease depends on 
the ability of the surgeon to perform an adequate operation and remove 
all of the infected bone and that the type of after-treatment is relatively 
unimportant provided adequate diamage is maintained Forty per cent 
of the patients in whose cases adequate suigical treatment w'as not 
feasible remained practically mcuiable Furtheiinore, the aut ors 
express the opinion that eaily diagnosis of acute hematogenous osteo 
mjehtis and prompt draining of the focus m the bone are the most 
important factors in pievention of chronic osteomyelitis and its atten^nt 
economic waste and crippling The actual treatment is as follows 1 he 
operation is performed under a tourniquet wdien one can be used A er 
W'ide saucerization is completed, the wound is packed with dry, ne mes i 
gauze in order to control bleeding, and a dry dressing is app le cas 
IS not applied unless there is dangei of a fracture of the resi ua 
or of the mvolucrum On the third postoperative day the gauze pack is 
removed with the patient under nitrogen monoxide and oxjgen anes 
thesia, and a petrolatum gauze pack is inserted This is change at 
^’als of from two to four days After the first two or three dressings 
the wound is lined by granulation tissue, and little pain is expeiiencc 
hv the patient If at any time the granulations do not appeal hea t w, 

H R, and Ke>, J A Surg, G^^ec & Obst 68 1007, 1939 
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w et dressings are used and the wound is irrigated with physiologic solu- 
tion of sodium chloiide foi a few days Petrolatum gauze is then sub- 
stituted In addition, the Cariel-Dakin method and various types of 
wet dressings have been used 

[Ed Note This gloomy picture of the result of treatment of chronic 
osteomyelitis shows that there is great need for further investigation of 
this disease In this leview a number of the newer pioceduies, such as 
chemotherapy, toxin therapy and roentgentheiapy are not mentioned] 

CHRONIC ARTHRITIS 

Oithopcdic Tieatment of SU mnpell-Mmie A)th 7 itis — Swaim’s^^ 
1 eport IS based on the study of 106 cases of advanced spondylitis extend- 
ing over a period of twenty-two years There were 22 female and 
84 male patients The deformity m this disease piesents itself as a long 
bend of the whole spine, with a leverse curve in the lumbar region, so 
that in standing the pelvis is actually tipped backward and constant 
stiain IS thrown on the hip joints Involvement of the hip appeals to be 
secondary to the stiain induced by bad posture and loss of noimal 
loidosis Raiely, lateral cuivature is produced by unequal spasm The 
progress is slow, and, except for the hips, rarely attacks the extremities 
except in women The tieatment adopted by the author is as follows 
First, the posture is improved by recumbency If the spine is not col- 
lected in two weeks, a jacket is applied The patient is placed on a 
Goldthwait frame, which is bent to produce lordosis Then a light 
plastei jacket, well padded over the spine, the anterior supeiior spines 
of the ilium and the sternum, is applied The jacket is molded tightly 
over the abdomen to limit abdominal breathing, to force the chest up 
and to compel expansion of the upper part of the chest It is left high 
in front and cut just below the shoulder blades in back, so that with each 
breath the chest is forced against the jacket in front, thus straightening 
the thoracic portion of the spine The jacket extends to the symphysis 
m front and the tip of the spine m back and grips the pelvis firmly 
There must be no space below the jacket in front which will permit 
abdominal breathing Most of the patients are more comfoi table when 
held firmly, and they dread having the jacket removed The jacket is 
ept on uninterruptedly for several weeks, until all spasm has gone 

len a nen jacket is made Plastei jackets are applied until the best 
possible correction has been obtained Then a more permanent leather 
jacket is made Although 62 patients have worn jackets, the author 
chooses only 23 cases from nhich to draw conclusions, because in these 
the jackets ha\ e been worn for from foui to nine } eai s Of the 23 cases, 
t le good po sture thus obtained nas maintained m 5, improved m 15 and 

12 Swaim, L T J Bone & Joint S«r? 21 983, 1939 
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lost in 3 One of the patients ictuscd the jacket altei two yeais, 1 
cut his jacket in front, so that it no longer biippoited, and 1 was 
uncoopeiatne No tioublc with the hip de\ eloped in any of the 62 cases 
In the group of 23 patients who woie jackets fiom torn to nine yeais, 11 
had symptoms referable to the hip at the beginning, and 7 of these 
became completel) sj inptoniless , the 3 patients wnth fused hips showed 
no change, 1 patient became unaccountably w'Oise Expansion of the 
chest decreased in 7, was unchanged in 2 and increased m 14 patients 
Weight increased in 20, remained the same in 2 and deci eased in 1 
Sixteen patients are w'orking, 6 aie at home, unemplojed but looking 
lor work, and 1 died of caicinoma of the breast In 13 cases some 
ossification of the ligaments was piesent befoie the jackets weie used, 
and in these cases the budging inci cased m spite ot the jackets Seven 
of the 23 patients showed no budging at fiist, but latei 4 of these had 
one or tw'o bridges, usuallj' at the tw^elfth thoiacic or the first lumbar 
lertebra Three of the 7 show^ed no budging, even at the end of foui, 
five and eight 3 'ears respectively Although thei e are too few cases and 
the period for w Inch the jackets were w orn is too short to enable one to 
draw final conclusions regarding prevention of ossification, this study 
stronglj' suggests that ossification is much less rapid in patients treated 
" ith jackets Excellent photographs accompany the text 

SPINE 

Posisfent Epiphyses of the Veitehial Piocess — Bailey^® has found 
that secondarj'’ centers of ossification may appeal opposite the tips of 
My of the major vertebial processes The transverse processes regularly 
have secondary centers The inferior processes frequently have them, 
and they occur occasionally in the supeiior articulai processes and in 
the spinous processes These secondary centers may persist into adult 
life and are frequently confused with fracture Ossification of a vertebra 
begins at the age of 8 weeks in three centers, one for the body and one 
for each half of the neural arch A ringhke center of ossification 
develops at the periphery of the cartilaginous plates at each extiemity 
of a vertebra at about the seventeenth yeai and fuses with the body o 
the vertebra at about the twentieth year This ringhke center is seen m 
profile in a lateral view as a small triangular piece of bone Differentia 
tion of persistent epiphyses in the vertebrae from fracture can usua y 
be made Ordinarily there are severe pain and disability from fracture, 
Md fracture fragments are usually more displaced A fracture me 
serrated, while an epiphysial line is smooth, and the epiph} sis las a 
definite cortex parallel to a cortex on the opposing surface na poin 
is that persistent epiphyses are often multiple or bilateral 


13 Bailey, W Am J Roentgenol 42 85, 1939 
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Pam Loiv m the Back Caused by Piotiuswn oj the Intej vertebral 
Disk—Cmig and Walsh discuss pain low m the back and sciatic pain 
resulting fiom protruded mterveitebial disks and hypertrophied liga- 
ments The cause of this condition is probabl) traumatic, and the 
tiauma ma}^ produce injury to other structures Thus, it was found 
that of the 175 patients with herniated intervertebral disk most recently 
observed, 155 had an associated hypertrophy of the ligamenta flava 
Statistical analysis of the cases of 300 patients in whom protrusion of 
the intervertebral disks was veiified at operation reveals the following 
data 1 The 300 cases in which a diagnosis of piobable protruded 
disk had been made were selected from approximately 10,000 cases of 
pain in the lowei part of the back and sciatic pain observed m three 
jears Thiee hundred and thiity-two piotrusions were found m these 
300 cases There were protrusions m the lumbar region in 285 cases 
and in the cervical and thoiacic legions m 15 In 270 cases the protru- 
sions ivere single, and in 30 cases they weie multiple Thirty were at 
the third lumbar interspace, 140 at the fourth lumbai interspace and 
139 at the fifth lumbar interspace Of the 300 patients, 226 were men 
and 74 were women The average age at opeiation was 40 yeais One 
hundred and seventy-six (59 per cent) gave a histoiy of injury In 
37 per cent of the cases the patient recalled that injury immediately 
preceded the symptoms In 81 per cent there was uiteimittence of 
symptoms Unilateial sciatic pain was the most common symptom, 
bilateial sciatic pain occuned in 15 per cent of the cases In 174 cases 
the \alue for protein in the spinal fluid was 40 mg or moie per hundred 
cubic centimeters, in 91 cases it was below 40 mg There were no 
deaths in the series In no case was it necessary to do a fusion operation 
to relieve postoperative pain 

SHOULDER 

Calcification of the Supi aspinatus Tendon — Bishops® studied cal- 
caieous deposits about the shoulder and found that they are moie 
common than is geneiallj^ believed One fourth to one third of the 
patients showed deposits in both shoulders, only one shoulder being 
symptomatic at the time of examination Calcification in the supra- 
spinatus tendon usually^ occurred between the thirtieth and the fiftieth 
year The tendon of the supi aspinatus muscle leenforces the central 
portion of the capsule and is inserted into the anterior and uppermost 
part of the greater tuberosity The thin synovial lining of the sub- 
acromial bursa is tightly adherent to the tuberosities and to the adjacent 
part of the conjoined tendons Bishop discusses the etiology and feels 

14 Craig, W McK, and Walsh, M N Minnesota Med 8 334, 1939 

15 Bishop, W A , Jr Calcification of Supraspinatus Tendon Cause, Patho- 
logic Picture and Relation to Scalenus Anticus Syndrome, Arch Surg 39 231 
(Aug) 1939 
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that lepeated niinoi liaumas maj cause i upline of a few fibeis of the 
tendon Repeated leaiing and healing lead to aieas of h) aline degen- 
eration and finall} to deposition of calcium The calcium is located at 
the base of the buisa, usuall} in i elation to the supiaspinatus tendon 
but occasional!} associated nith the subscapulaiis tendon and, less fre- 
(juentl) , the infiaspinatus tendon Occasional!} the onset ot symptoms 
IS abrupt and viciously painful, but usual!} a histon of an insidious onset 
luth an uncomfortable feeling associated with ceitain moeements of the 
shoulder can be obtained Pam w'as giouped into thice tipes (1) pain 
localized at the point of inseition of the deltoid muscle (2) constant 
dull and boiing or aching pain neai the tip of the shouldei at the point 
ot greatest tenderness, and (3) almost intolciable pain in the muscles of 
the neck, m the scapulai legioii and occasional!} dowm the aim to the 
fingertips This is probabl} due to icflex spasm of the scalenus anticus 
muscle of the aftected side The diagnosis depends on caieful histor} 
taking, ph} sical examination and roentgen examination A case is pre- 
sented to illustrate the t}pes of pain encounteied Tieatment of acute 
conditions is by immediate lavage Subacute oi chionic conditions ate 
tieated by diathermy oi lavage A small percentage of the patients 
require surgical removal of the deposit 

Lesions of the Supt aspinafus Tendon — Horwitz leviews the patho- 
logic observations m 150 shouldei s of 75 cadavers with an average age 
^ death of 55 years Bursal changes were noted m 30 specimens 
•these alterations consisted of thickened w'alls, villus formation and 
partial or complete obliteration of the cavity In 10 of the shouldei s 
there were communications between the bursa and the joint, due to a 
tear of the supraspinatus tendon There were 10 complete tears of the 


musculotendinous face, of which 3 weie bilateral and 4 wfere unilateral 
The youngest subject m these cases was 50 years of age In 49 shoulders 
there was a variable amount of thinning of the cuff, and in 30 instances 
the superficial surface was frayed and fibiillated Constriction in the 
biceps tendon m the groove was seen In 75 shouldei s varying stages of 
attening, thinning, fraying and fibrillation were evident In 4 cases 
complete tears were noted, with reattachraent of the distal portion of the 
lendon to the region of the lesser tubeicle In 1 case the tendon was 
ound down by adhesions The bony changes were proportional to the 
3 terations in the soft tissue Bony recession and atrophy of the greater 
tubercle were found in the cases in which complete tears of the tendon 
^ occurred Occasionally the joint cartilage was denuded in areas 
’0 author feels that rupture of the supraspinatus tendon lepresents the 


tu Horwitz, M T Lesions of Supraspinatus Tendon and Associated Struc- 
Investigation of Comparable Lesions in Hip Joint, Arch Surg 38 990 
(June) 1939 
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effects of trauma, often minimal, on tissues which are the site of degen- 
erative lesions incidental to advancing age, defective circulation, exces- 
sive use and attntional changes Trauma serves meiely to hasten the 
progress of pathologic events already taking place The wisdom of sub- 
jecting the patients to suigical procedures is therefore to be questioned 
This does not appl}'’, however, to patients who have not reached the fourth 
decade of life 

KNEE 

Injinics to the Meniscus — Efskind^’' repoits the end results of 36 
opeiations for injury to the semilunar cartilage performed between 1928 
and 1936 At operation 32 toin cartilages were found One patient 
had cysts in the cartilage, and m 3 instances nothing abnormal was 
found All but 2 of the patients have been followed by the authoi to 
the present time In 40 pei cent the knee is functionally and anatomically 
normal All of these patients have returned to their regulai w'ork 
except 20 Diminution m the joint space where the cartilage was 
removed was common Abnoimal static changes occurred with defects 
111 the articular cartilage in 13 patients, without any change in the knee 
not operated on Occasionally theie were changes also m the synovial 
membrane and fat pad 

Injuues to the Knee m Athletics — ^Hopkins and Huston^® studied 
the end results of 193 severe injuries to the knee All of the patients 
were joung men attending Spiingfield College Theie were 19 patients 
rvith traumatic synovitis In only 1 case was aspnation performed 
Support of the knee with a bandage was the usual treatment A satis- 
factoiy end result was obtained in 17 cases, an average period of four 
weeks being required for complete recovery In 2 patients there were 
recuiient pain and swelling after exeicise In 59 patients a strain of 
the lateral ligament occurred , in 54 of the internal ligament, and in 5, 
of the external ligament Treatment consisted of crutches, tight band- 
age and physical theiapy The average time lost from athletics was 
three w'eeks While immediate recovery appeared to be good in all 
but 4 cases, less than half of the patients have remained free from 
symptoms The chief complaints are of pain and swelling with vigorous 
use The writers suggest that there may have been an associated injury 
to the semilunar cartilage which could not be demonstrated at the time 
of mjur) There were 139 injuries to the semilunar cartilages Fifty- 
three of these were treated by rest, support and physical therapy 
Thirteen required removal of the cartilage later Treatment by rest, 
support and ph\sical therapy gave good end results in only 19, or 36 
per cent In 24 cases of injury to the semilunar cartilage a plaster cast 

17 Efskind, L Acta chir Scandinav 82 499, 1939 

18 Hopkins F S and Huston, L L New England J Med 221 95, 1939 
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was w'orn foi an aAcrage of four weeks and dutches were used The 
end result was good in IS, or 66 pci cent Eleven patients originally 
treated b\ immobilization in plaster lequired operatue iemo\al of the 
cartilage later Theic wcie 22 patients with probable injury to the 
semilunar cartilage An exact diagnosis could not be made All of 
these were treated with rest and suppoit to the knee Se\en still have 
slight disability The authois feel that immobilization should be tiied 
in all cases of injury to the semilunai cartilage before operation is 
resorted to 


[Ed Note In cases of se\eie injury to the knee an exact diagnosis 
often cannot be made immediatelj^ In such instances prolonged suppoit 
is indicated until the extent of the injury can be determined ] 

Treatment oj JVeak Feet — Graham^® divides weakness of the feet 
into three tjpes (1) that due to postural deficiencies, (2) that result- 
ing from a shortened achilles tendon, and (3) that due to anatomic 
deformities of the bones He states that in the condition due to postural 


faults a valgus of the posterior part of the foot occurs from an attempt 
to adjust to the line of gravit), which in faulty postuie wuth increased 
forward inclination of the pelvis comes anterior to the acetabulum To 
bring the w'eight thrust antenoi to the acetabulum the femoral column 
rotates internallj Since no rotation is possible at the knee or ankle, 
this rotation must take place at the subastragalar joint, wuth resulting 
valgus The anterior part of the foot follows the os calcis into eveision 
and abduction This rotatory movement is increased as the astragalar 
head moves medialward As the os calcis is tilted, the astragalus 
becomes more depressed, with lowering of the inner side of the foot 
With locomotion a relative dorsiflexion of the anterior part of the foot 


and hypermobility of the first metatarsal segment occur and are fol- 
low'ed by splaying of the front portion of the foot A lelative break 
occurs in the midsection of the foot, and this may be followed by 
abduction and supination of the anterior portion A short achilles ten- 
•■Jon may be compensated by high heels, with marked diminution of 
function in the mediotarsal joints With low heels, valgus results in 
an attempt to bring the heel to the ground In his discussion of weak- 
ness of the feet due to anatomic deformities the author mentions short- 
ness of the first metatarsal bone and the posterior location of t re 
sesamoid bones beneath it The metatarsal bone extending farthest 
fonvard must act as the principal fulci um When the second metatarsa 
IS longer than the first, the foot becomes pronated and abducted to 
permit functional use of the first metatarsal bones In treatment o 
'veak feet the causes must be eliminated, particularly with the first 
and second types In cases of acute involvement with synoritis and 


fP Graham, J Illinois M J 75 425, 1939 
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myofascitis the author advises lest with the foot fixed in varus Sup- 
ports are worn for four to six weeks They are then giadually dis- 
carded, and the threshold of muscular fatigue is laised by exeicise 
[Ed Note This careful analysis of the mechanics of weak feet is 
commendable In most cases the use of supports and muscular leeduca- 
tion must be continued for longer periods than are suggested in this 
article ] 

NEOPLASMS 

Angioendothehoma of Bone — A brief review of the knowledge of 
this type of tumor is given by Lutz and Pusch Clinically the growth 
does not differ fiom othei forms of sarcoma Giowth is lapid, and 
pulsation may be present The tumor is geneially sohtaiy Roentgen 
examination shows a bulky cysthke formation with fine lacelike trabec- 
ulae throughout The wall is defined and has a tendencv to blend 
with the soft tissues Marked destruction of bone is piesent without 
production of bone The growth often lesembles a giant cell tumor 
It has been seen in the long bones, ribs, pelvis and vertebral column 
It IS somewhat radiosensitive Metastases are commonly found in the 
lungs Microscopically the tumor is characterized by blood-filled tubulai 
columns of cells with bulky clear cytoplasm A case of angioendo- 
thehoma of the humeius in a woman aged 54 is presented in detail 

Xanthomatous Tumors of Joints — De Santo and Wilson”^ present 
a complete study of this interesting condition, including 9 case histones 
with photographs, roentgenogiams and photomiciographs Xanthoma 
of the synovial membrane of the joints is probably more common than 
has been hitherto supposed, as is exemplified by this gioup of 9 cases 
collected in a brief period The preoperative diagnosis of articular 
xanthoma seems nevei to have been made Obscure intermittent 
swelling of the knee joint associated with pain and free fluid, occasional 
locking and a movable tumor, usually medial to the patella, fiequently 
are caused by xanthoma Aspiration of the joint with recovery of dark 
or sanguineous fluid points to the presence of tumor The demonstra- 
tion of a large amount of cholesterol in the fluid is probably pathog- 
nomonic of xanthoma Xanthoma originates in chronic hemorrhagic 
Mllous arthritis The stroma cell is i elated to the i eticuloendothehal 
system It is derived from the surface mesothelium of the synovial 
membrane, which has reticuloendothelial properties, and gives rise to 
(a) the foam cell, (&) the giant cell and (c) the pigmented cells asso- 
ciated with xanthomatous disturbance of lipoid metabolism The value 
for blood cholesterol is frequently elevated Cholesterol formation 

Pusch, L C Angio-Endothelioma of Bone, JAMA 
113 1009 (Sept 9) 1939 

21 De Santo, D A, and Wilson, P D J Bone & Joint Surg 21 557, 1939 
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probably takes place locall} as a result of inteistitial hemorrhage, and 
liie cholesterol is a pioduct ol decomposition of hemoglobin Its failuie 
to be formed unneisall} •when inteistitial hemoiihage occurs is par- 
tially explained b} the S3'Stemic distuibance of hpoid metabolism which 
usually exists Xanthoma of a joint can be cuied bv radical excision 
In the case of a solitan tumoi local excision is sufficient, but in the 
case of multiple oi difluse xanthoma subtotal oi total synoAectomy is 
usually necessari No instance of a benign giant cell xanthoma under- 
going malignant tianstoimatioii w'as found 


MISCELLAXCOLiS 


Timmatic Fat Eiuboltsitt — Whitakci,'" discussing traumatic fat 
embolism, states that the chief source of fat is injured bone and that 
the fat IS drawn oi foiced by compiession into torn haAcision canals, 
which do not collapse as Aeins do elsewdieie A\hen torn across Pressure 
exerted by extraA'asation of blood and serum into tissues tends to 
force liberated fat into the acius If a cast is applied before maximum 
swelling of tissues is reached there is a tremendous mciease in this 
pressure The fat goes to all paits of the body but the sAmptoms aie 
usually referable to the lungs and the brain Taa'o cases are presented, 
in 1 of Avhich there A\ere puhnonarj', in the other profound ceiebial, 
signs and symptoms Both patients made complete iecoA''ery A 
petechial rash and detection of fat in the urine are helpful diagnostic 
signs Treatment is sjmiptomatic More can be done to prevent than 
to treat fat embolism, and one of the most important points is careful 
handling and manipulation of injuied bone 


Gas Gangiene m Cxvil Lxfe —In an editorial “ m The Journal of the 
Amencan Medical Association it is stated that the death rate from gas 
gangrene is still appallingly high In Millar s series of 60/ patients in 
civil hfe there was a mortality late of 49 7 per cent, while the mortality 
from the same infection in the American Expeditionary Forces m 
T'rance Avas 48 52 per cent Ehason, in 349 cases of gas gangrene fol- 
lowing amputation for arteriosclerotic or diabetic gangi ene, recor e 
a mortality of 59 per cent for the entire group and 75 per cent for 
'fiabetic patients In a group of cases in Avhich operations other than 
amputations Avere performed the mortality aa^s 41 per cent AViti serum 
and 76 per cent without serum Tavo facts largely lesponsible for the 
ack of awareness of gas gangi ene by phj'-sicians are ( ) f a gas 


22 Whitaker, J C Traumatic Fat Embolism 
recovery, Arch Surg 39 182 (Aug ) 1939 

193^ Gangrene in Cnil Life, editorial, J 


Report of Two Cases Avith 
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gangrene is rare in time of peace and (2) that it always presents itself 
in the typical grave form Gas gangrene is caused almost exclusively 
by anaerobic bacilli Deeply laceiated, contused, soiled wounds, com- 
pound fractures, hematoma and interference with blood supply create 
favorable conditions for the giowth of anaerobes The local signs are 
rapidly increasing swelling, serous or serosanguineous discharge, 
mottled discoloiation of the skin, crepitation of tissues and escape of 
gas fiom the wound with the chaiacteristic odor Early roentgenograms 
showed gas deep m the tissues Serum is definitely indicated for both 
prophylaxis and treatment Judgment as to sulfanilamide and roentgen 
therapy must be suspended until further experience is obtained 

Gas Gangteiie — Newell reviews the diagnosis and the present 
day treatment of gas gangrene About twenty-five varieties of anaerobic 
oiganism have been isolated, the chief ones being Clostridium welchn, 
Clostiidium oedematis maligni (vibrion septique) and Clostridium 
oedematiens The diagnosis rests mainly on severe pain, a high pulse 
rate, edema and brownish discoloiation of the skin There may be a 
mousy or putrid odor or no odor Roentgenograms may show gas 
bubbles in the tissues, and subsequent ones taken at four hour intervals 
demonstrate an increase m the number of bubbles Crepitus of the 
tissues IS a relatively late finding If the infection is due to vibrion 
septique, there will be only edema and no gas formation In regard 
to treatment, it is generally concluded that the prophylactic injection 
of gas antitoxin does not prevent gas infection but that it probably 
lengthens the incubation period and lessens the severity of the attack 
Polyvalent gas antitoxin in doses of 10,000 to 30,000 units should be 
administered intravenously every six to eight hours Roentgen therapy 
IS a ^finite aid in treatment, but it seems desirable to use serum with 
it or local use, dilute solution of sodium hypochlorite, hydrogen 
peroxide or 1 500 potassium permanganate solution is indicated Sulf- 
ani amide has been used recently, and the results have been encouraging 

Dislocation of the Extensor Tendons ^n the Hands —Straus 
reports that dislocation of the extensor tendons in the hands is a rare 
injury There are immediate disturbance of function and swelling of 
t e dorsum of the hand The swelling soon subsides, but interference 
vit i extension is permanent unless it is repaired The author reports 
tU history of a case of dislocation of the extensor tendon at 

the third metacarpophalangeal joint Operative exploration showed a 
-shaped tear m the tendon permuting the intact lateral half of the 
endon to s lide to the ulnar side The tear was sutured, and a reten- 

24 Nevell, E D Ann Surg 110 100, 1939 

23 Straus, F H Ann Surg 111 135, 1940 
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tion slip of fibrous tissue ^\as turned o\ei the tendon from the ulnar 
side and sutured to the soft tissues on the ladial side Normal function 
was regained aftei this piocedure 

Kienhock’s Disease of ike Cat pal Naviculai Banc — Ca\e-“ states 
that fewer than 100 cases of this lesion have been lecoided in the litera- 
ture At the Massachusetts General Hospital the diagnosis has been 
made 5 times In legard to etiolog}^ it is generally agreed that severe 
trauma is not necessar}'’ to produce neciosis of the carpal navicular 
bone, but m the majority of the cases tiaiima is present Trauma 
results in tearing of the doisal ligament and subsequent interruption 
of the blood supply followed by aseptic necrosis of the bone In 1 of 
the author’s cases microscopic examination show’^ed an extensn e necrotic 
process subjacent to the aiticular cartilage There w'as an occasional 
focus of apparent new bone formation Several groups of foreign body 
giant cells w'ere obser\ed The diagnosis depends on the loentgen find- 
ings In the anteioposterior Mew one may see eaily cjst formation and 
irregularity of the radial surface, wnth localized aieas poor in calcium 
and other areas with marked increase in the calcium content As the 
disease progresses the bone becomes dense, smaller and iriegular in 
outline, taking on the appearance of a sequestrum In the lateral 
roentgenograms the density of the bone is inci eased The disease com- 
monly occurs in young men ivho do heavy work There is a history 
of slow but definite increase in pain, moderate stiftness and thickening 
of the wrist joint Thickening is most marked over the dorsum, m the 
central portion Local tenderness is usually acute and is sharply local- 
ized to the center of the dorsum of the wrist In the acute stage, active 
motion in any direction may be painful If the diagnosis is made early, 
conservative measures, consisting of support from a plaster or leather 
wristlet, may help to restore nutrition to the bone and prevent advance 
of the process When the bone is permanently deformed, however, 
3nd has the appearance of an irregular sequestrum, or when it has 
disintegrated, the treatment is excision, with great care to avoid trauma 
to surrounding structures Good recovery of function in the wrist 
joint, with little or no pain, may be expected after the diseased lunate 
bone has been removed 

FEACTUKES 

Resection of the Radial Head and Neck —After a study of 13 cases 
of resection of the radial head and neck King"' reports the end results 
as follows in 1 case, excellent, in 5, good, m 4, fair, and in 3, poor 
One of the chief factors which cause disability is bone formation at the 
operative site The author feels that this may be minimized if the fol- 
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lowing points are stressed 1 Complete lemoval of all free or loosely 
attached bone fragments, periosteal shreds oi strips and capsular tissue 
at the time of resection 2 Avoidance of stripping back the periosteum 
from the radial stump unless the stripped-up portion of the periosteum 
IS completely excised or sutuied over this stump to form a limiting 
membrane 3 Use of a free graft of fascia lata snugly approximated 
with purse string sutuies over the end of the radial stump to form a 
limiting membrane, in case the periosteum has not been so used 
Another factor which causes disability is proximal displacement of the 
radial shaft, which may be prevented, as was suggested by Key and 
Conwell, by snugly approximating the soft tissues with several inter- 
rupted purse stung chromic catgut sutures to fill m securely the dead 
space cieated by removal of the radial head and neck The annular 
ligament should be lepaired It is probably of value to immobilize the 
wrist in maximum ulnar deviation for two oi three weeks after resec- 
tion of the radial head and neck, m order to allow the formation of 
scar tissue to obliterate fuither the dead space which was closed in 
with interrupted purse string sutuies Aftei operation a plaster cast 
should be applied from the bases of the fingeis to just below the elbow, 
which allows free pronation and supination The arm is supported in 
a sling, the elbow is flexed to a right angle, with relaxation of the 
biceps After removal of the cast, “daily active and passive ulnar 
deviation stretching exercises” are m order The author feels that 
resection of the radial head should be avoided if possible m the growing 
child and in the adolescent, because a marked degiee of calcification and 
bone formation frequently follows operative or tiaumatic insults to 
this region in the growing child Four of the 5 patients m this group 
who showed no appreciable bone formation following resection were 
21 years of age or older 

Ummited Fractmes of the Caipal Navmilar Bon^ — Edelstein 
reports 6 cases of ununited fracture of the carpal navicular bone seen 
fiom three months to nine and one-half months after injury In each 
case bony union resulted from a bone-drillmg opeiation, which he 
describes He states the opinion that when sclerosis is present between 
the fragments in an old fractured navicular bone union will not take 
place Instead, severe arthritis sujjervenes and becomes progressive, 
imolving the immediately neighboring intercarpal joints and the radio- 
carpal joint The navicular bone possesses little periosteum to assist 
m the formation of subperiosteal callus The formation of bone in the 
callus is slor\ er than in other fractures, owing to the poor blood supply 
The bone has only a small surface posteriorly and anteriorly for the 
attachment of ligaments Elsewhere it is covered with cartilage Its 

28 Edelstein, J M J Bone & Joint Surg 21 902, 1939 
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blood suppl) IS dciivecl liom t\\o acsscIs, one of which pencil ates the 
tuberosity Theiefoie, a iiactiiie thiough the waist of the bone lenders 
the proximal fiaginent a\ascii]ai Because of the poor blood supply, 
union takes a long time foi the \essels have to giow fiom the periph- 
eral into the cential fragment These fine capillary vessels aie rup- 
tured with the slightest shcaimg movement, hence the necessity for 
complete immobilization With adequate and eaily immobilization 
nonunion should nevei occui 

Ticatment of Obsfciiic Fiaciwcs of Fcmm — For obstetiic fractures 
of the femur Pavlik-® advises reduction of the fractme and retention 
of the limb in abduction b\ means of a plaster ot pans cast symmetrically 
applied to both lowei extiemities in a similai mannei to the application 
of a cast for the treatment of congenitally dislocated hips The treat- 
ment has the ad^antage of simphcit) It does not require hospitalization 
During the first month the plastei is changed each week , the final 
bandage is woin foi one month, and treatment is usually terminated at 
the end of two months, at which time the callus is sufficiently strong 
This method has been used for the past three yeais In each case the 
fragments have healed satisfactorily without appieciable shortening of 
the limb 


E-icision of the Fiaciwed Patella — Dodd®® gives an account of 5 
consecutive cases of fractured patella treated by excision of the frag- 
ments The operation is carried out as soon aftei the accident as con- 
ditions permit , if possible, on the same day Aftei the fragments have 
been removed, the quadriceps tendon is closed by intenupted thread 
sutures , on the seventh day aftei operation flexion of the knee is prac- 
ticed over the side of the bed, and walking with a cane begins on the 
tenth day In all 5 cases normal function was obtained 

[Ed Note Occasional leports have appeared of removal of the 
patella, which has been regarded as a sesamoid bone Sufficient time 
has not elapsed, howevei, to determine whether removal m any way 
disturbs the mechanics of the knee joint ] 

Pseudof} actia e of the Tibia — Roberts and Vogt present 12 cases 
what they considei a clinical entity involving the upper third o t le 
t'bial shaft in childien between the ages of 4 and 16 years The roentj,en 
appearance may simulate a fracture, but the condition is not due to 
acute tiauina The cause is not known but may be a chronic infectious 
process The pathologic reports on 2 of the patients in whose cases 
biopsies were done and the fact that slight fever and leukocytosis Avere 
present in 3 of the cases suggested this It is suggested that t le so ca 
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pseudofracture line may be influenced by the course of a nutrient artery 
The arguments against classification of the condition as a fiacture are 
as follows 1 Except in 1 case, theie was no histoiy of tiauma adequate 
to cause a fracture of the tibia 2 Transverse incomplete fracture of 
the upper end of the tibia must be extremely lare m this age group, as 
no case could be found in the recoids of the fracture service of the 
Massachusetts General Hospital for the years 1920 to 1937, and only 1 
case was observed at the Children’s Hospital 3 Roentgenograms taken 
within a few days of the onset of symptoms did not show anj line sug- 
gestive of a fractuie, but after two to four weeks oi moie the roentgen 
appearance began to suggest a fracture line 4 The amount of sub- 
periosteal new bone formation was greatly in excess of that which n ould 
follow even a more severe fracture 5 Three patients had evidence of 
recent infection elsewhere in the body 6 In 1 case the condition was 
bilateial 7 In 1 case theie was a recurience of the disease five months 
aftei the original attack had been practically cured All of the patients 
improved with rest and immobilization m plaster and eventually became 
flee from symptoms Others were given lest in bed followed by limited 
weight bearing 

ORTHOPEDIC OPERATIONS 

Tendon Ti ansplantations — Caipentei has reviewed 458 tendon 
transplantations performed on children He found that 85 per cent of 
these operations gave satisfactory results Poliomyelitis of over eight 
3 'ears duration responded better than did poliomyelitis of shorter dura- 
tion In these cases better results were obtained with vaius than with 
valgus deformity of the foot Also, the tiansplants from tendons which 
arise from the larger muscles gave better results than did transplants 
of those from the smaller ones It appealed to be of no advantage to 
uait over two years after the acute onset of poliomyelitis before per- 
foiming the operation Stabilization of the foot made the tendon trans- 
plantations more satisfactory , m fact, secondary operations for 
stabilization were necessary in 19 per cent of these cases when tendon 
transplantations had been done without primary stabilization The 
t}pe of insertion of the transplant which consists of creation of a bone 
tunnel and external suture appeared to be the most satisfactory pro- 
cedure An analysis of the causes of failure to obtain perfect results 
shoued that errors m surgical judgment were more frequent than 
errors in surgical skill In cases of congenital equinovarus, transplanta- 
tion of the anterior tibial tendon to the mid-dorsum of the foot was 
the most successful procedure Transplantation of tendons m cases 
of cerebral spastic paralysis and of Charcot-Marie-Tooth peroneal 
paraljsis was not eftective 

32 Carpenter, A. R J Bone Joint Surg 21 921, 1939 
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Acciabuloplosty jo? Dislocation of the Hip — Xachlas describes 
a new technic for tlie shelf opeiation acetabuloplasty Through a 
Smith-Peterson incision the hip joint is exposed A linear osteotomy 
IS performed through the supeiioi poition of the aiticulai margin 
The osteotomy extends into the hip joint The pro vimal and distal 
ends of the osteotonnzed aiticulai inaigin aie left attached, and the 
margin of bone is leveled lateially The gap at the site of osteotomy 
IS filled with bone taken fiom the iliac ciest The hip is put m abduc- 
tion in a plaster spica foi two months, and this treatment is followed 
by traction on the involved extiemity for one month The piime 
requisite for the proceduie is that the head ot the femur be opposite 
the acetabulum This may lequiie a pielimmaiy period of ti action 
or an operation to overcome contractuie The piocedure was used 
in 8 cases These were cases of Legg-Perthe disease with a wandeiing 
acetabulum, paralytic dislocations and congenital dislocations of the hip 

New App] oach to the Knee Joint — Mader states that the patella 
IS the chief obstacle in approaching the knee joint and that it has no 
important function, being a deterrent rather than an aid to movement 
After studies on 20 cadaveis had shown that extension of the knee 
was not disturbed by removal of the patella, he devised an operative 
approach as follows a curved infrapatellar incision was made, and the 
skin flap was reflected upward The tendon overlying the patella was 
split longitudinally, and the patella was dissected out subperiosteally 
The joint was then exposed by lengthening the longitudinal incision in 
the quadriceps tendon This method gave excellent exposure of the 
joint Normal function has been observed in the extensor apparatus 
^fter the operation 

Amputation foi Ai tci losclet otic Gangiene — Tayloi presents a 
senes of 137 major amputations on 117 patients for arteriosclerotic 
gangrene with or without diabetes He discusses the relation of the 
imputation stump to morbidity and mortality There were 44 deaths, 
giving an amputation moi tality of 32 per cent and a case mortality o 
376 per cent In cases of diabetes and arteriosclerotic gangrene the 
mortality was 34 4 and 52 5 per cent when local or systemic infection 
'vas an added complication In cases in which diabetes was not present 
the mortality was 27 7 per cent When “fascial layer closure” was 
earned out there was a mortality of 43 4 per cent, and near y la o 
the deaths (46 per cent) were directly or indirectly due to an infected 
or a nonheahng stump The mortalitj diopped to 19 per cent wien 


to 


33 Nachlas, I W South M J 32 565, 1939 

34 Mader, V O Canad M A J 42 17, 1940 

35 Tailor, F W Artenosckrot.c Gangrene Relation of ^mP^ation Stump 
Norbiditj and MortahU, JAMA. 113 1196 fSept 23) 1 J9 
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there was no closure and to 16 per cent when a loose skm closure alone 
nas done Taylor concludes that “anatomic fascial plane suture’ of 
the stump should be leserved foi the exceptional case in which there 
IS no infection and an abundant blood supply is present 

Amputation foi Advanced Peiiphcial Aiteiial Obhteiative Disease 
— This report by Faxon is based on 204 single and 58 bilateial 
amputations The conditions were subdivided into three clinical entities, 
Bueiger’s disease, peripheial arteuosclerosis and peiipheral arterio- 
sclerosis with diabetes Guillotine or amputation prehmmar} open 
operation \\as earned out in 52 instances on critical^ ill patients as a 
life-saving measure The midportion of the lower pait of the leg vas 
the site of choice Secondaiy closed amputations at a higher le\el 
were cairied out m 84 per cent of patients who surMved the guillotine 
piocedure Ten pei cent of the entire senes of patients underwent the 
open preliminary procedure Forty per cent of all the patients under- 
went closed amputations as a primary procedure In only 5 instances 
were drains used It is felt that a%oidance of drams in amputation has 
been a great factor in reducing the mortality from piogressive obhtera- 
tne disease to 13 1 per cent “Low thigh amputation” is considered 
the safest of major amputations The Gntti-Stokes amputation is the 
most satisfactory for patients whose general condition precludes use 
of a prosthesis 

T) ansplantatton of the Fibula to the Tibia — Mai com after review- 

ing the various methods which have been used for partial or complete 
transplantation of the fibula to the tibia reports 4 personally obseiwed 
cases in which this opeiation was pei formed His first patient was a 
bo)' aged 7 years with complete destruction of a portion of the tibia by 
osteom} elitis A lateral transplantation was performed of the lemain- 
ing (upper) end of the tibia to the fibula Four jeais later walking 
was entirely normal Tw^o operations were necessary to secuie union 
The second patient w'as a boy aged 5 )eais In his case also there 
was complete loss of the middle thud of the tibia following lenl 0 ^al 
of sequestrums Transplantation of tne fibula into the remaining 
ends of the tibia was done Bony union followed the operation The 
result eighteen months latei showed 3 cm shoitening, wuth some 
limitation of motion at the ankle joint Theie w^as no other deformit)') 
and the child walked well The third patient, 4 }ears old, had a loss 
of the lower part of the tibia following neciosis fiom diathermy 
portion of the fibula was implanted into the astiagalus below and into 

^ ^ Major Amputations for Ad^anced Peripheral Arterial 
Obhteratne Disease, J A M A 113 1199 (Sept 23) 1939 

37 Marconi, S Chir d org di moMmento 24 552, 1939 
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the tibia above A second opeiation ^\as lequned foi fiactuie, with 
metallic fixation T^^o }eais aftei the fiist treatment the patient was 
beginning to ^\allv and theie vas solid union The fouith patient, 16 
jears old, had lost almost the entne uppei thud of the tibia from 
osteomyelitis An end to end tiansplant of the fibula vas done There 
was suppuration foi a piolonged peiiod One >eai tiom the beginning 
of treatment the patient was beginning to walk The author feels that 
lanous modifications of this method must be adopted to secuie the best 
statics in the indnidual case 


Operation foi Coi i ectwn of Haminei Toe — With the legion undei 
local block anesthesia, a hockey-stick cutaneous incision is made on the 
dorsum of the toe, somewhat lateral to the midline, w'lthout a tour- 
niquet®® The flattened tendinous expansion of the extensors, which 
IS intimatel}' interwoven wuth the joint capsule, is exposed A tongue- 
shaped flap w'lth the base attached to the middle phalanx is exposed 
A small dorsal bony prominence over the dorsum of the head of the 
proximal phalanx is sometimes shaved of? A subcutaneous plantar 
tenotomy and capsulotomy fiom one collateial ligament to the othei 
sre performed It is impoitant to obtain slight oveicoriection of the 
plantar flexion contractuie The tongue-shaped flap is then resutured 
with reduplication to the proximal stump of the tendon and capsule 
by means of fine chiomic mattress sutures If doisiflexion contracture 
IS present at the metatarsophalangeal joint, it is leleased subcutaneously 
with a tenotomy knife m the thorough manner described The toe is 
splinted with well fitted, loosely stiapped w'halebones Immobilization 
should be thoroughly earned out for about three or foui weeks after 
tbe operation The patient may be peimitted to w'^alk a few^ days after 
the operation, weai mg shoes cut over the toes In cases in w hic i 
plantar flexion contracture at the distal interphalangeal joint is a so 
present, fusion is usually perfoimed by shaving ofif the articular cartilage 
and performing the capsuloplasty desciibed In cases in w'hich a pain 
ful corn IS present at the tip of the toe, a U-shaped incision is ma e 
parallel to the distal edge of the nail and slightly to the plantar side 
The distal part of the nail phalanx is removed Seventeen cases (d 
foes) are included in this lepoit Good results were obtaine m 
(26 toes), a fair lesult m 1 (1 toe) and poor results in 2 d toesj 
The author feels that by this technic the coirection of the detormi > 
's obtained with the least sacrifice of appearance and of unction 

[Ed Note While this opeiation may lead to most near \ 
perfect cosmetic lesult, theie aie a number of simple but adequate 
procedures to relieve pain and permit function ] 

38 Lapidus, P W T Bone S. Toint Surg 21 977 19 j9 
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Teinpeiatwc-Conti oiled Healing of Expeiunenfal Fi acini cs-- 
Speed and FelP® experimented with 66 guinea pigs, 45 of ^\hlcll 
lived to complete the experiments, to determine the eftect of a raised 
temperature on the healing of fractures “Both bones of the right 
foreleg of each animal m one group were fractured in the middle third 
All the skin from the mid-upper right leg, doun to and including the 
skm of the foreleg, of each animal m a second group was remo\ed, 
and an amputation was performed at the A\nst joint The t\\o bones 
of the foreleg were fractured m a manner similar to that of the first 
group, and the skinned fractured leg was then inserted into tlie abdom- 
inal cavity through a small aseptic incision made a little below the 
costal margin The peritoneum and muscles of the abdominal vaU 
and those of the midportion of the upper leg were sutured together 
At the end of foui weeks the animals were killed Seventeen had siir- 
M\ed Of a control group of 10 guinea pigs, m which the bones of one 
foieleg were fractuied and the leg was not buried wnthin the abdomen, 
5 tolerated splints from ten to twenty-one days and 5 w'ere not splinted 
The fracture area showed bonj, fibrous and cartilaginous callus with 
a histologic picture similai to that obsen^ed m the control group 
Although the differences m the two groups w^ere not marked, it was 
felt that the legs wFich were buried m the abdomen and maintained 
at a higher temperature than those left outside exhibited a less bulky 
callus, a more matured bony callus and a much less fibrous and 


cartilaginous callus than did the unburied legs 

Geneial Reactions of the Skeleton Afiei Fiactuie — Roche 
attempts to shoiv that theie are general as well as local reactions 
w'hich occur m the skeleton after fracture of a single bone Phosphatase 
is an enzjnne wdnch hjdrolyzes phosphoric esters into phosphate ions 
and produces a concentration of ions favorable to the local production 
of tricalcium phosphate Phosphatase is abundant m the skeletal parts 
of young animals, wdnch are undergoing rapid ossification The bones 
of adult animals are nearly barren of phosphatase activity but can be 
reactnated by certain substances, such as the lomzable salts of mag- 


nesium It has been shown that the callus and the neighboring region 
of a fracture are the site of increased phosphatase activity, and the 
author has sought to determine whether this is a purely local affair or 
wdiether the entire skeleton takes part in it Fractures of the humerus 
m the pigeon were studied and pseudarthroses of the femur m r^s 
were imestigated The followung conclusions were reached 1 ® 


39 Speed, K , and Fell, E H J Bone & Joint Surg 21 1005, 1939 
JO Roche, J J de chir 53 737, 1939 
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callus of fractured bones piesents, in geneial, phosphatase activity of 
the same order as that of the diaph} sial and epiphysial regions of which 
it IS a part The impoitant augmentation of the phosphatase activity 
comes a few da}S aftei the fiactuie, befoie any callus forms, and it 
disappears in fifteen oi sixteen days These phenomena indicate the 
putting into play of mechanisms unloosed by the fiacture but inde- 
pendent of the e^olutlon of the fiactuie Whethei the callus is ossified 
or whether it is convei ted into a pseudai throsis, no difterence is noted 
in the modification of enzjme activitj'^ in the bone fragments 2 It 
was found that the intact bones of an animal with a fiactured bone 
present an increase in phosphatase activity simultaneous with that 
observed m traumatized bone The fact that this geneial reaction 
occurs early, before theie is any possibility of repair, indicates the 
putting into effect of general mechanisms affecting the biochemistry 
of the skeleton, wdiich aie stimulated or unloosed by the lesion The 
author has also made observations on geneial modifications of the 
composition of the skeleton aftei fracture of one bone Numerous 
experiments by other authois have demonstrated a slow and piogressive 
resorption of the bony tissue of fractured limbs, which is for the pur- 
pose of enrichment of the callus with salts by “local calcium mutation 
The author has made the following observations as to general reactions 
accompanying this local reaction 1 Modifications of composition 
appear simultaneously in all parts of the skeleton, being most marked 

the immediate site of the lesion They are characterized at first b}' 
demineralization of all the parts during a period of about twenty-fiie 
^ays, followed by a moie oi less complete lepair of the losses previously 
Undergone This process is independent of the evolution of the callus, 
occurring even in pseudarthrosis 2 The intact skeletal bone presents 
quahtively the same modifications as the fractured bone at different 
times in the experiment, though these modifications are less intense 
m the normal than in the fractured bone The author concludes from 
these facts that the skeleton constitutes a physiologically homogeneous 
system the calcification of which is governed by general, not local, 

mechanisms 

Offset of Roentgen Rays on Bones — Bade and Kuntscher studied 
the effect of roentgen rays on the bones of dogs after resection o a 
piece of the shaft Marked changes were seen m the bone cells and 
m the bone marrow after six doses of 400 r each After sue i treat 
ment there was no compensatory thickening of the ulna, but 
tcom weakening of the ulna was observed in four to six wee s 
tologic studies are not reported 

41 Bade, H , and Kuntscher, G Fortschr a d Geb d RontgenstnWen 60 
235 , 1940 
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Effect of Expel wieiitally Pioduccd Ttnnois on the Skeletal Sys- 
tem — study was made to determine the effects of anthracene-pro- 
duced tumors on skeletal tissue The agent used was dibenzanthracene 
Thirty-fiie rats were tieated, and 16 had tumors ranging in size from 
that of a pea to that of an orange Most of the tumors, even though 
they abutted on skeletal tissue, provoked little or no periostitis, and 
none showed bone formation Histologically most of the tumors were 
cellular fibrosarcomas with elements of i habdomyosarcoma and lipo- 
sarcoma There ivas no evidence of osteogenic tumor Periosteal 
reaction was minimal even when the tumor lay against the outer 
lamellas of the coitex In some cases, however, the tumor did invade 
the contiguous bone and joint to some extent Intia-articular injection 
resulted in a sarcoma which invaded most of the structures of the knee 
joint and extended into the mairow cavity at the distal end of the 
femur Implantation of dibenzanthracene into the marrow of the tibia 
did not produce an osteogenic tumor 

Motion m the Veitebial Column — Elwaid^® presents an extensive 
review of the literature on motions of the spine, followed by roentgen 
studies of the movements of the doisolumbar and lumbosacral portions 
ot the spine m a 16 year old girl He concludes from his studies that 
the range of extension is greater than the range of flexion in the 
lumbar portion of the spine and that flexion at the hips accounts for 
the apparent greater range of flexion ovei extension In this obseria- 
tion he confirms the work of Biailsford, who found extension to be 
greater than flexion in the lumbar pait of the spine The work of 
Wiles and others concerning the slight anterior and posterior displace- 
ment of vertebrae on adjacent vertebrae during flexion and extension 
vas not confirmed in this study The authoi concludes that the spinal 
column IS not a single hinge but a multiplicity of interacting hinges, 
or, more precisely, limited universal joints, the nucleus pulposus acting 
somewhat in the manner of a ball bearing There is no single center 
of motion except that of the mass motion centering in the hip joints 

42 Sutro, C J , and Pomerantz, L Effect of Experimentally Found Tumors 
on Musculoskeletal Si stem of Rats, Arch Surg 38 1132 (June) 1939 

43 Elward, J F ^m J Roentgenol 42 81, 1939 
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GENERAL PRINCIPLES OF PREOPLR \TI\'L AND 
POSTOPERATI\X TRE VT.AILNl 

ALFRED BL'>iLOCK, MD 

^ASHV1LL^, TE\!>i 

Until relative!} lecently, inteiest in advances in suigKdl tedinic 
^'as definitel}'- greater than that in the pieoperatne and postopc’-atn c 
treatment of patients This condition has changed, and it is rtali/ed now 
that the operation is onl}'' a part, m some instances a lelativch niinoi 
one, of the treatment of the patient Lord Mov nihan stated that “suigery 
has been made safe for the patient and now the patient must he made 
safe for surgery ” The work of the past twentj >eais has accomplished 
niuch in this direction, but piobabl) even greater advances will be 
forthcoming m the future Particularly encouraging is tlie fact that 
the surgeon is no longer content simply to carry out technical procedures 
hut IS interested m the treatment of the patient from a broader view point 
The requirement of Sir William Osier, that a surgeon should be a 
physician wdio operates, is being moie neaily approached This is due 
’U part to a change in the attitude of the surgeon but to a greatei extent 
to advances m surgical therapeusis 

L IS not the purpose of this introduction to the symposium on pre- 
operatn^e and postoperative treatment to considei any of the problems in 
detail How'ever, a few of the more important points will be mentioned 
briefly 

EMERGENCY OPERATIONS 

The numbei of conditions in which immediate operation is considered 
uecessarjf has declined greatly in recent years I^diereas formeilj many 
patients were taken directly to the operating room on entrance to the 
hospital, this is a rare occurrence at present It is realized that m all 
a relatively few conditions it is not only permissible but adv isable 
lo carry out the proper preoperative preparation, including the pre 
anesthetic medication Massive, uncontrollable bleeding constitutes one 
nf the few indications for immediate operation Even under these cir- 
cumstances It IS at times advisable to give a transfusion of blood before 
‘he operation is perfoimed In instances of this type the “blood bank 
presents a real advantage m that a transfusion can be performed on 
'cry short notice If plasma oi serum is used there is no need lor anv 
delav 

From the Department of Surgerv of Vanderbilt UimercitA 
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IIVNDICAPPCD PATIENTS 

There are mau\ patients who present handicaps othei than that 
imposed b) the di'^ease which causes the patient to consult the suigeon 
Among thebe handuaps die lieait disease, renal disease, hypei tension, 
diabetes and endocrine disturbances, such as hyperthyroidism Par- 
ticulaih caret 111 prcojieiative study and therapj aie indicated for these 
patients Special pioblems aie presented also by infants, by the aged 
and bi the \er} obese 1 he advice of a competent internist or pediatrician 
in the care ut these patients is iinaluable 

ANESTHESIA 

Tt >s onh in recent }ears that intensive studies on the Aarious anes- 
thetu agents ha\e been perfoimed These have resulted m the carrying 
out ot pieopeiatice measures which piotect against the ill effects of 
soiu' (H the agents, in the more intelligent use of pieanesthetic drugs, in 
I he better choice of the anesthetic agent and paiticulaily m impi ovenients 
m iiitthods ot administration It is perfectly obvious that the anesthetic 
agent should not present a gieat explosion hazaid and that the anesthesia 
bhould be adequate to allow the pioper perfoimance of the opeiatne 
pioceduie The toxic effects of the agent itself and the ill effects that 
TtcumpauA the causation of anoxia may be less obvious Much important 
work has been perfoimed by a number of observers, including Ravdin 
and his associates, on methods for protecting the liver against the fat- 
sob ent agents ^Yhethel foi this puipose or for the prevention of general 
anoxia with its deleterious effects, the use of a high peicentage of 
oxegen with the inhalation anesthetic agents is extiemely impoitant 

BODY ELUIDS AND ELECTROLYTES 
It IS onl) in lecent years that the full significance of the dehydration 
that may result fiom insensible loss of w^atei, from vomiting and diairhea 
and from other causes has been fully appieciated The findings of 
Gamble and his associates and of Collei and Maddock are of particulai 
interest from the surgical Mew^point A numbei of methods have been 
described for determining the fluid and electiolyte lequirements It is 
important that fluids be given in such quantitv and quality that the 
output of urine is at least 1 liter per day 

It should be emphasized that m many patients with suigical condi- 
tions there are large losses of winter and electrolytes Replacement 
of both is a necessity, since winter alone cannot be retained Qnali- 
tatneh m the gn mg of electrolytes, one natuially should attempt to 
replace what has been lost Hence, if the loss is mainly chloride, salt 
solution should be gn en, and if the loss is mainly bicarbonate, one should 
gne either bicarbonate or some fluid wdnch on oxidation Yields bicar- 
bonate Quantitatneh one should bear m mind the relation betw'cen 
tlie loss and the replacement therapy As has been stated a number of 
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methods are available foi cleteimining the loss r ,n incis, rot(iitK»n ot 
the fluids admmisteied does not guaiantee a po'i i paitition ca these 
fluids in the bod} This is paiticulailv tuie it t’n c is a defineta} of 
blood colloids Undei this condition, more ot the initcted fluid mil be 
retained in the ciiculatoiy system if the abnolllld't^ m pK-^ n com- 
position and loliime is collected b} the introdiicfir n ii bkod "< u m or 
plasma 

When distui bailees m the acid-base balance ucenr n thv [nc cncc 
ot adequate lenal function, collection can u u.dK ht ucm.iphshtd b} 
administration of adequate quantities ol saline and cL strode soiutinns 
The incorporation of minute amounts ot cations in oihc \aiiOLis icpaii 
solutions which have been suggested seems to offci no paiticulu advan- 
tages over simple saline and dextiose solutions Ihe piobleni is iiioie 
complicated in the piesence of maiked renal impaninfiit 

MALNUTRITIOK 

One of the undesirable features of malnutiition is the hvpopiotenieniia 
"Inch often accompanies it Protein is of great importance in maintaining 
the osmotic pressure in the blood vessels, rheieby countei balancing the 
filtration piessure In the piesence of a low protein content of the blood 
plasma, edema of the tissues frequently occurs It has been shown that 
tins IS apt to result m retardation of the healing of incisions, nonfunction- 
’"g of intestinal anastomoses and an iiiciease in puhnonai} complications 
Methods for correcting the protein deficiency include the giv mg of a 
balanced diet b}' mouth when this is feasible and the use of transfusions 
of whole blood or plasma 

It is only m recent years that particular attention has been directed 
to the ill effects that may result from vitamin deficiencies m patients 
With disease requiring opeiation Particularly important among these 
from the surgical vuewpoint are deficiencies m vntamms C and K One o 
the most important functions of vutamin C is the role that it plav s 
'n the healing of incisions or wounds The greatest advance made thus 

m the control of the hemoiihagic tendency associated with jaundice 
fias resulted from the discovery of vitamin K l\Ieasures are av ai a i e 
for the eftectiv'^e treatment of most of the recognized disorders due to 
^ itainm deficiencies 


PERIPHERAL CIRCULATORV FAILURE OR SHOCK 

Adv'ances m the treatment of fully dev'eloped shock hav e not kej 
pace With adv^ances m the piev'ention of the condition ter mar 
damage to the capillaries has resulted from the low bloo v o un 
depressed blood pressui e and anoxia usuallv no know n t lerapv i 
bailie The moie intelligent preparation of patients lor operatic i < 
advances in anesthesia .ind suigical technic are responsi i e 

the reduction m the incidence of shock Particiihr v iiijitra 
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the growing appreciation of the -value of not allowing the blood volume 
and the blood pressuie to lemain depressed Foi tins purpose the 
employment of transfusions of whole blood, plasma oi serum is most 
eftective The administration of laige quantities of noncolloidal solutions, 
such as saline oi dextrose solutions, does very little good when the 
capillaries are abnoimally peimeable, and it may actually result in harm 
Fortunately both foi the patient and the suigeon, the employment of 
transfusions of blood or plasma is no longer considered a procedure 
of last resort Its greatest field of usefulness lies in the prevention of 
shock The results thus far of the use of preserved blood and plasma 
are most encoui aging, and fuither advances along this line are awaited 
with interest 

PREVENTION OF COMPLICATIONS 

Piihnonaiy Complications — These continue to constitute one of the 
most important problems of surgerjf In addition to the increase in 
mortaht}^ rate which accompanies these complications, theie is an increase 
m the incidence of the disruption of incisions, and m all instances the 
patient is tendered uncomfortable as a result of the cough oi other 
symptoms Whereas there is no known specific treatment that will 
prevent these complications, a number of measures are helpful Par- 
ticulaily important are the measures which pi event stasis of secietions 
in the bronchial tree These include (1) postural drainage befoie opera- 
tion if indicated, (2) avoidance of unnecessarily large doses of sedatives, 
(3) Trendelenburg position during the operation and until consciousness 
is legained, (4) removal of secretions with a catheter or bronchoscope if 
necessary, (5) hyperventilation induced by carbon dioxide inhalations or 
a rebreathmg bag and (6) frequent change of the position of the patient 
Sulfap} ridine is usually effective m the tieatment of postoperative 
pneumonia 

Till ombosis and Einbolisin — These are responsible for a good many 
of the deaths and disabilities which follow operations The treatment of 
embolism consists m the mam m the prevention of thrombosis Among 
the measures which are believed to be helpful m the prevention of 
thrombosis are (1) gentleness m the handling of tissues during the 
operation, particularly the large veins, (2) prevention of dehydration 
and shock (3) frequent shifting of position of the patient, (4) move- 
ment of the extremities and (5) use of anticoagulants, such as heparin 

Intestinal Distention —Distention of the bowel m most instances 
results more in discomfort than in actual danger to the patient’s life 
The distention is due m the mam to swallowed air and intestinal secre- 
tions IMeasures vhich may be effective m therapy include (1) frequent 
alteration of the position of the patient m bed, (2) use of morphine or 
pitressm or both combined with use of a rectal tube, (3) inhalation of 
pure oxvgen as suggested b} Fine (4) duodenal suction as accomplished 
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b\ the Wangensteen method and ( 5 ) use of tin fVIillei- \bbott intestinal 
tube 

The most frequent postopeiative comphcation if Icrable to the urinai\ 
tract IS retention of urine in the bladdci \sidc noin the discointort 
^\hlch the patient experiences, the impoitaiice ot tins compile iticn bt-> 
111 the fact that stasis is apt to lead to intcction 1 i>i this itason icieii- 
tioii of urine should not be allowed to pcisi^t ihcie aie a numl * oi 
simple measures uhich ma) aid the patient in cnipt\ing the biadrlci ft 
these fail, retention should be treated bj the lepcated use ot a c itlietei 
and distention should be avoided 

Onh a few of the man} points ol importance m pieopeiatne and 
postoperatne treatment have been mentioned The leader is rtteiicd 
to books b}' Bartlett,^ Cutting" and Wason ’’ and ?i tides b\ Kinaiel 
and Koch,^ Cutler and Scott,® Flint,® Odisner,” W angensteen and Paine 
Boland," Haddock and Coder,*® Abbott and Johnston,** Ra\din*- 
McClure and his co-workers,*® Holman,’* Haight and Fine and h’^ 
associates,*® to mention only a few , foi a detailed consideration of these 
and other points of importance 

In the papers wdiich follow, preoperatue and postoperatne tieatment 
"dl be considered from the view'pomt of the various systems ot the 
The subject matter is so great that many phases ot the problem 
are commented on only briefly, if at all jMany authorities responsible 
tor some of the important advances m this field are of necessit}, not 
listed among the contributors 


t Bartlett, W The After-Treatment of Suigical Patients, St Louis, C ^ 
Mosb)' Company, 1920 

2 Cutting R A Principles of Preoperative and Postoperatne Treatment 

York, Paul B Hoeber, Inc , 1932 j , , 

3 Mason, R L Preoperative and Postoperative Treatment, Philadelphia 

' B Saunders Company, 1938 n 1097 

Kanatel, A B , and Koch, S L Bull Am Coll Surgeons 11 H 19-/ 

5 Cutler, E C, and Scott, W J M,m Graham, E A Surgical Diagnosis 
iladelphia, W B Saunders Company, 1930, vo! 1, p 128 

6 Flint, E R Lancet 1 1163 and 1223, 1933 
2 Ochsner, A South M T 29 53, 1936 

8 Wangensteen, O H, and Paine, J R Treatment of Acute ntcstmal 
Obstruction b> Suction with Duodenal Tube, J A M A 101 b3- (^o^ 11) 19 

5 Boland, F K Internat Clin 4 224, 19 j7 t a vr a 

10 Haddock, W G, and Coller, F A Water Balance m Surgen, J 

Abbott, w O, and Johnston. C G Surg, Ginec & Obst 66 691, 193S 

12 Ratdin, I S Ann Surg 109 321, 1939 , c- , n i 

13 McClure, R D , Hartman, F W , Schnedorf, J G , and Schcl mg 

Surg 110 835, 1939 

1^ Holman, E Surg, Gjnec &. Obst 68 3j5, 19a9 

18 Haight, C Ann Surg 107 218, 193S . r. <: \mntm- 

, F'"'. J , Scars, J B, and Banks, E M An, I D.sc, D,. A ^mm.o 
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PREANESTHETIC MEDICATION 


BENJA.MIN H ROBBINS, MD 

X \SH\ ILLE, TEXN 

In a consideration of the chemical agents to be used in preparing a 
patient toi an operation, thiee factors aie of importance 

1 Which anesthetic agent (basis) is to be usecH 

2 Which of the nom'olatile agents (adjuvants) should be used to 
produce the preanesthetic depression of the central nervous system^ 

3 Which agents (conectives) should be used to prevent or counter- 
act certain undesirable side reactions produced m the patient by the 
mam anesthetic agent to be employed^ 

It is a discussion of the agents used as adjuvants and coirectives 
and the leaction of the body to then administration that is to follow 

'tDJTJVAlSiTS rOR DEPRESSION OP THE CENTRAL 
NERVOUS SYSTEM 

The almost univeisal custom of pioducmg model ate depression of 
the central iienous system in patients befoie administration of the majoi 
anesthetic agent is based in part on the following points 

1 The production of a quiet mental state befoie the patient enters 
the opeiating room 

2 The relief of pain in jiatients with painful lesions 

3 Tne desiie to make induction of general anesthesia less difficult 
foi the patient as well as foi the anesthetist 

4 The desire to reduce the concentration of the geneial anesthetic 
necessarj for a given level of anesthesia, because it is to be expected 
that this will reduce the frequency of postoperative disturbances 
attributable to the eftects of the anesthetic agents on the tissues of the 
patient 

Optuiii and Its Dei ivatwes — Morphine and its deiivatives diacetyl 
morphine (heroin, not available legally m the United States) and 
dilwdromorphinone hydrochloride (dilaudid hydiochlonde) and the 
opium and pantopon or omnopon (mixtures of the pure 
a a Olds of opium containing about 50 per cent morphine) ha\ e been 
used more widelj' and oier a longer period than all other agents com- 
ined Sinc e morphine is the most important member of this group, the 

ProRi the Department of Pharmacologj', Vanderbilt Universitj School of 
Medicine 
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discussion \\ill ie\olve aiouncl the leaction of the patient to this drug, 
with comments relatne to the othei agents when specific dificrcnces aie 
marked 

The quantity of moiphine necessaiy to produce the same degree ot 
depression in different patients is dependent on several lacturs, i e , sue, 
age, physical state, pS3'chic condition, metabolic rate, etc 

The degree or depth of depi ession that one expects to produce by the 
preanesthetic agents 11111 vary according to the potency ot the anesthetic to 
be used When such a drug as ether, chloiotorni or c}clopropane iihich 
IS potent enough to produce full anesthesia when used alone is to be 
employed, the amount of preanesthetic sedatives may be i educed to a 
minimum, when, howeiei, such an agent as nitrogen monoxide oi 
eth 3 dene, ivhicli is not potent enough to produce full anesthesia in the 
absence of anoxia, is to be used, it is necessary to increase the quantity 
of the preanesthetic agent so that the concentration or tension of nitrogen 
monoxide or eth3 lene m the anesthetic mixture necessar3^ to complete the 
anesthesia will not be so great as to limit the concentiation of ox3"gen m 
the required mixture to a value which is inadequate tor maintenance ot 
satisfactory ox3’^genation of the blood and tissues 

Kleindorfer and Halse3^^ Stormont and his co-woikeis,- Seeieis and 
his associates ® and Robbins and his associates * have shown that the 
combination of preanesthetic agents (barbiturates, aveitin with amylene 
Itydrate, morphine) with nitrogen monoxide or c3mlopropane reduces 
definitely the concentration of these agents necessary for a gn en level 
of anesthesia, so that a higher concentiation of oxygen may be used 
when preanesthetic agents are given 

In general, doses of 8 to 16 mg of moiphine sulfate are adequate 
3 nd should be given subcutaneously thirty to ninety minutes or intra- 
venousty thirty minutes before induction of general anesthesia If an 
amount greater than 16 mg is to be administered it should be given in 
divided doses at ninety and thirty minutes before induction Seevers 


1 Kleindorfer, G B , and Halsey, J T A Study of the Relatne Kffinenci 
as “Basal Anesthetics” of Avertin, Amytal, Chloral Dial, and Iso Propil-Alhl 
Barbituric Acid, J Pharmacol & Expei Therap 43 449-456, 1931 

2 Stormont, M F , Lampe, I, and Barlow, O W A Comparison of the 
Premedication Values of Se^eral Barbituric Acid Dernatnes in Pc'atmn to 
Citrous Oxide Anesthesia, J Pharmacol & Exper Therap 39 16o-l/o 19^0 

3 See\ers, M H , Meek, W J , Roicnstine, E , anci Stiles, f A 

tud} of Cyclopropane Anesthesia ivith Especial Reference to oncentra loi 

Respiratorj and Electrocardiographic Changes, J Pharmacol & Exper I nerap 
1-17, 1934 

4 Robbins, B H , Baxter, J H, Jr, and Eitzhugh O G Stuihe^ oi Oco- 
Propane V The Effect of klorphine. Barbital and AmMal upon the Concentration 
of Cxclopropane m the Blood Required for Anesthesia and RcspIrator^ \rrc- 

'srmacol Exper Therap 65 136-142, 1939 
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and Pfeifter,® in a caietul study of the analgesic pioperties of morphine 
and its derivatives, found that the peak of analgesic effect of morphine is 
reached in sixty minutes aftci subcutaneous admimsti ation and that the 
effect at thirt} and ninety minutes is neai the maximum When a 
morphine salt is gnen intravenously the maximum analgesic effect is 
observed at thnty minutes Heroin, which has been used because of its 
action in depressing the cough leflex, pioduces its maximum effects at 
twenty and thirty minutes after intravenous and subcutaneous injection 
respectively, whereas with dilaudid h} drochloride the maximum analgesic 
effect IS reached at ninetj minutes aftei subcutaneous injection These 
obbe^^atlons indicate that if the maximum effect of these agents is 
desired at the time of induction they must be administered at different 
intenals before admimsti ation of the anesthetic is started The analgesic 
effect of dilaudid hydrochloiide or heroin is about eight and four times 
respectively that ot morphine 

Bajhif mates — Since the intioduction of barbital (diethylmalonjl- 
urea, or diethylbarbituiic acid) by Fischei and von Mering in 1903, 
o\er one thousand dernatives of barbituric acid have been prepared in 
chemicalh pure foim and have been investigated in relation to their 
action in depressing the cential iieivous system At piesent, barbituric 
acid del natives aie available some of which on mtra\enous injection 
produce immediate anesthesia which lasts for five to ten minutes (evipal, 
or 5,-5 -ciclohexenjlmethyl-N-methyl barbituric acid) and some of which 
pioduce their full anesthetic effects thirty to foity minutes aftei intra- 
lenous injection, the anesthesia lasting for eighteen to thirty-six houis 
(barbital) One may select compounds from the remaining nine hun- 
dred and ninetj'-cight odd barbiturates which will produce effects of 
almost aii)^ lalue between these two extremes in relation to the onset of 
anesthesia and duration of action In "New and Nonofficial Remedies” 
or 1939 a dozen baibitunc acid denvatives aie listed which may be 
used as preanesthetic agents, and there are at least as many more m 
^eneral use in the United States which ha^ve not been accepted by the 

Council on Pharmacy and Chemistry of the American Medical Asso- 
ciation 

The choice, then, of a barbiturate to be used as a pi eanesthetic agent 
111 place of or in addition to morphine depends on certain factors, i c > 
the duration of action expected, the rapidit) of onset of action, the 

route of administration and the therapeutic ratio or index of the indi- 
vidual agent 

5 Seeiers, M H, and Pfeiffer, C C A Study of the Analgesia, Subjectne 
pression, and Euphoria Produced by Morphine, Heroine, Dilaudid, and Codeine 
m the Aormal Human Subject, J Pharmacol & Exper Therap 56 166-187, 
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Evipal and pentothal (5,5'eth)I, l-nieth\ll)ut\lthinbaibitmic acid), 
\\hich are rapid!} changed m the body to Icbs actne ca incit sub^tanceb 
cannot be used foi preanesthetic medication if it Lvpcctcd that the 
effects are to persist for an houi oi two, thev ni n i<n,,c\ci, be used b\ 
intravenous administration for induction ot genenl ancstiu^ia which is 
to be maintained by an inhalation agent Fioin the evpeiinieiital studies 
ot Butler and Bush® it is CMdent that ceitain of the Shuitei -acting ’ 
barbituiates aie changed m vno to less actne suiistances ot longei 
duration of action The rate of absoiptioii in uhtion to the rate ot 
partial inactivation of these compounds ivhich lapidl} jiiorluce anesthesia 
of short duration on intravenous injection is such tint in oidei to pro- 
duce a moderate sedative effect b} mouth a dose ai)pio\imatnig that 
which produces full anesthesia when gnen intracenoush has to be 
administered, for this reason the barbituric acid compounds ot short 
duration of effect are not advised foi preanesthetic sedation 

Most of the other baibiturates aie either destrojed or excieted at 
such slow rates that they can be used by oial administiation, and it the\ 
are guen about two hours befoie induction of anesthesia the full depies- 
sant effects wnll be present at the time of induction 

Barbital, phenobarbital and ipral, which have i datively low theia- 
peutic indexes and very long duration of action, are not ad\ised as 
preanesthetic agents The othei barbituiates m general use (alurate, 
amytal, cyclopal, dial, neonal, nostal, pentobarbital, phanodorn, sandoptal 
3nd Seconal) have relatively high theiapeutic indexes as compared wnth 
barbital, phenobarbital and ipral, and in most instances the duration of 
action IS intermediate between the veiy shoit and the very long 

Barbiturates do not produce appreciable analgesia in the patient and 
are thus inferior to morphine on this point, but they have certain desired 
effects on vaiious portions of the autonomic nervous sjstem winch 
morphine does not have These actions will be discussed later One 
may consult Lundy and Osteiberg" and Tatum ^ for re\iews of the 
barbiturate problem 

Aveitiv with Amylene Hydi ate —Av&iim with amylene Indrate, 
'vbich consists of 2 parts by weight of tribromethvl alcohol and 1 part 
d amylene hydrate, wms mtioduced as a basal anesthetic and sliould not 


, 6 Butler, T C , and Bush, M T The Metabolic Fate of N -Main 1 Ba 

^'tunc Acids. J Pharmacol & Exper Thcrap 65 205-213, 1939 ^ J ’ 

Butler, T C The Metabolic Fate of N-Substituted Dernatnes oi Barbital, ibi 

278-283, 1940 

I Lundv, J S, and Osterberg, A E Re\ic\\ jn-q ^ 

Deru-unes of Baibitunc Acid, Proc Staff Meet Ma^o Chn - 

^ 8 Tatum, A L The Present Status of the Barbiturate 

19 472-502, 1939, The Pi)armacoIog\ of Barbitiiritcs tin vl\ 

^^9-370, 1940 
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be consideied as a pieanesthetic agent in the usual sense because of the 
large amount usually used (0 06 to 0 09 cc per kilogram of bod} weight 
or 60 to 90 mg of tiibiometh}d alcohol and 30 to 45 mg of amvlene 
hydiate) The larger dose at least approaches the full anesthetic dose 

Then, too, amylene h) drate, which is the solvent for the tnbromethyl 
alcohol, has long been used to produce depression of the central ner\ous 
sxstcm The dose of this drug alone when used for sedation and 
administered by mouth is less than that given in the avertin vith 
amxlene h\ drate Lehman and Knoefel ® and Mohtor and Robinson^® 
haAc sliown that the addition of am}lene hydrate to tiibrometh}! alcohol, 
as m avertm with amylene hydiate, has a definite action in depiessing 
the lespiratoi} ecntei as well as m prolonging the anesthesia and sleep 
following administration of tiibiomethyl alcohol Lehman and KnoefeP 
and l\Iohloi and Rolimson have also shown tnchloi ethyl alcohol to be 
more s'ablc and moie soluble, as well as to have a greater margin of 
satft\ than n ibromethxl alcohol (areitin) It may be that tnchlorethyl 
ikobol Will ipplacc a\ertm with amylene hydrate as a basal anesthetic 

CORRFCTIVES IN GENERAL ANESTHESIA 
ifio^oe SLopolaviute and Baibituiates — Atropine and scopolamine 
arc cmldo^ed as pieanesthetic agents piimarily because of their inhibitory 
icticn or \)oi turns of the cianiosacral (parasympathetic) division of the 
lutononne s\<'tem Leake stated “Atropine was introduced as an 
adjimct to chlorotc/rm anesthesia in order to pi event the reflex stoppage 
ot the heait during induction of chloroform anesthesia by paral}?ing the 
peiiphcral endings of the vagi ” In relation to the use of scopolamine 
(h}oscine) he stated “In the absence of any critical evaluation of its 
u'^efulness as a preanesthetic hypnotic, there seems little justification for 
Its continued employment merely because of clinical routine or habit It 
IS chemicall} related to atropine and has somewhat the same type of 
action as ati opine on the autonomic nervous system This has no special 
value in preanesthetic medication, but may introduce deleterious factors 
Others particulail} Guedel and Wateis,*® have expressed the opinion 
that scopolamine has a definite place m preanesthetic medication The 
psichic depression produced by scopolamine m contrast to the stimula- 

9 Lehman, G , and Knoefel, P K A Pharmacologic Study of Tnehlorethanol, 
I M Sc 197 638-646, 1939 

10 Mohtor, H , and Robinson, H Studies on the Pharmacological Properties 
of Tnehlorethanol, -Vnesth & Analg 17 258-263, 1938 

11 Leake, C D Chemical Adjuncts to General Anesthesia California & 
West Med 33 714-717, 1930 

12 Guedel, A E Inhalation Anesthesia, New Yoik, The Itlacmillan Companif 
1937 

13 M aters, R m pa,n Children, Am J Surg 39 470-475, 1938 
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tion piocluced b} ati opine plus the eflFect of scopolamine m (nunttract- 
ing in part, the lespiiatory depiession produced b} nio'plnnc makes the 
combination of scopolamine and moiphine of definite \ iluc 

The dose of ati opine sulfate or scopolamine hjdiobromidc used as a 
preanesthetic agent (0 3 to 0 65 mg ) has essential!} no m»,ibifor\ effects 
on the parasympathetic S}'Stem except for that poition icgnlaimg the 
secretion from the sahvaiy glands and the mucous glai <]> m tne mucosa 
of the oral and lespiiatory tracts Theie is no parahzmg 'iction on the 
tagus nerves to the heart with the usual small dose, in net ati opine 
sultate or scopolamine hydrobromide m amounts ot 0/5 mg oi Icss 
actuall} produces biad3caidia in man, as has been shotvn b\ McGuigan,^^ 
Harris,^" Kochman and Plata This biad}caidia is due apparentl} 
to the effect of these agents in stimulating the mcdullai} centers and 
making the t agovagal reflex more active hen 1 to 2 mg doses ot 
atropine sulfate or scopolamine h}drobiomide are gnen the paraljzing 
effect on the peiipheral endings of the Aagi predominates, and one 
obtains a maiked increase m the heart rate, but even with these large 
doses there is a preliminary reduction of the heart rate in man, as was 
shown by Sturgis and his associates In expeiimenls bv Baxter and 
nie^° it was observed that when atropine sultate or scopolamine hydio- 
bromide was given to dogs in small amounts (0 5 mg or less) aftei 
administration of morphine, the heait rate was decreased, and auriculo- 
ventricular block of varying degree occurred One may be certain, then, 
that the amount of either of these two drugs usually emplo} ed clinicalh 
as a preanesthetic medicament has little or no effect as far as parah zing 
the cardiac branches of the vagus nerves is concei ned 

It the general anesthetic agent is to be such a substance as nitrogen 
monoxide or ethylene, which does not irritate the upjjei lespiialoi} 
and thus does not cause an increase in salivary and mucous secietion,- 
tJ’ere is little value m the use of ati opine or scopolamine as a pre- 


J 


14 McGu.gan, H The Effect of Small Doses of ktrop.n on the Heart Rate 

A M A 76 1338-1340 (May 14) 1921 , i i 

15 Hams, I The Action of Digitalis and Atropine on the Periphenl Bio 

l^ressure, Lancet 1 1072-1074, 1921 a^.i, ,„t<rint 

16 Kochnian, M Beitrage zur Wirkung des Scopolainin HBr, 

pharmacodv n et de therap 12 90-128, 1904 , i Vt rWr i d 

17 Platz, O Wirkung des Atropins auf Puls und Blutdruck, Zt-chr i d 

ges e\per Med 28 81-89, 1922 Tnirctioi 

Sturgis C C Wearn J T and Tompkins, E H Eitcct ^ , 

^ ■Atropine on the Pulse Rate, Blood Pressure *^nd klctabo imu in 

Eftort SAndrome, Am J jNI Sc 158 496-502, 1919 , 

15 Robbins, B H, and Baxter, J H, Tr Unpubhdied ^ 

20 Robbins, B H Effects of Various AneAhetic- on - 
1 Pliannacol & Exper Therap 54 426-432 1935 
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anesthetic agent ^^'hen ether, which has been shown to depress the 
vagovagal reflex, jg en the paralytic action of atropine on the vagus 
nerves to the heart is not necessar}', but its use is essential for its effect 
in reducing the secretion of the salivary and mucous glands 

The high frequency of cardiac irregularities present during chloro- 
form anesthesia is the reason for using atropine, as has been stated bj 
Leake,^^ but the quantit}' necessar} for paralysis of the ragus nerres is 
far greater than the amount usuall)" employed 

When cyclopropane is to be used, either atropine sulfate or scopo- 
lamine h 3 'drobromide should be administered to reduce the secretions 
of the upper respirator}' tract It is well known that brad}Card]a and 
ventricular escape (extrasystole) are frequently observed during cyclo- 
propane anesthesia, and the use of atropine sulfate or scopolamine 
hydrobromide to prevent these changes would seem to be indicated, but 
here again the dose would hai'e to be much larger than the usual 0 3 
to 0 65 mg In man} expei imental studies by See\ ers and his asso- 
ciates,® Meek and his associates and Baxter and me,®^ it has been 
shown that deep anesthesia in dogs can be maintained with cyclopropane 
without the development of abnormal changes in the heart as shown by 
electrocardiographic records, but Baxter, Fitzhugh and I have shown 
that as soon as one uses morphine as a preanesthetic medicament brady- 
cardia and ventricular escape are observed m practically all planes of 
anesthesia produced by cyclopropane, this is attributed to a combined 
action of morphine and cyclopropane on the \ agus S} stem These 


21 Clement, F W Nitrous Oxide-Oxygen Anesthesia, Philadelphia, Lea & 
Febiger, 1939 

22 Shafer, G D , Underwood, F J , and Gaynor, E P The A.ction of 
Amytal in Impairing Vagus Cardiac Inhibitory Effects, Am J Physiol 91 461-466, 
1930 

23 Meek, W J , Hathawajv H R , and Orth, O S Effects of Ether, Chloro- 
form and Cyclopropane on Cardiac Automaticity, J Pharmacol & Exper Therap 
61 240-252, 1937 

24 Robbins, B H , and Baxter, J H , Jr Studies of Cyclopropane HI The 
Relation of Electrocardiographic Changes to the Arterial Concentrations of Oxvgen. 
Carbon Dioxide and Cyclopropane in Dogs Anesthetized with Cj'clopropane, J 


Pharmacol & Exper Therap 61 162-174, 1937 

25 Robbins, B H , Baxter, J H, Jr, and Fitzhugh, O H Studies of Cjclo- 
propane The Use of Barbiturates in Preventing Cardiac Irregularities Under 
Cyclopropane or Morphine and Cyclopropane Anesthesia, Ann Surg 110 ’ 

1939 Robbins, B H, and Baxter, J H, Jr Studies of Cyclopropane VII 
The Effect of Premedication with Morphine or Amytal upon the Heart Rate, 
Rh 3 thm and Blood Pressure m Dogs Under Cj clopropane Anesthesia J Phar 


macol &. Exper Therap 68 85-95, 1940 

26 Robbins, B H , Fitzhugh, O G, and Baxter, J H , Jr Studies of Cyclo- 
propane VII An Analj'sis of the Factors Controlling the Heart Rate in Dogs 
Anesthetized with Cyclopropane or Ether After Premedication with ^Morphine, 
J Pharmacol S. Exper Therap 66 206-215, 1939, Action of kforphine in Sloping 


the Pulse, ibid 66 216-223, 1939 
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irregularities can be abolished b)”^ large doses of atropine oi scopolamine, 
but with small doses the brad)Tardia and auiiculoventricular block are 
increased These ii regularities may be abolished b\ small doses of 
am3tal, which has been shown to deciease vagal actnity For these 
reasons as well as otheis, Baxtei, Fitzhugh and I ha\e suggested that 
a barbiturate should replace morphine as the mam preanesthetic agent 
when C3clopropane is to be used This suggestion, dti red tiom experi- 
mental studies with dogs, has been supported clinically, as vas repotted 
in the Lancet,"" m which, in a discussion of the aforementioned report 
it was stated “These experiments will confirm a piactice that has 
already been adopted, on empiiical grounds, b3 a good inan3 of the 
anesthetists who have had wide experience of C3 clopropane ” 

Rovenstme and Cullen,-® in discussing the anesthetic management ot 
patients with a h3'peractive carotid sinus reflex, stated that baibiturates 
(e\ipal, pernoston, pentothal) depress oi abolish the effect ot the carotid 
sinus reflex on the heart, Weiss and Bakei have shown that atropine 
in amounts sufficient to release the heart fiom the normal \agal tone 
tilso pi events cardiac slowing in patients with a 113 pei active carotid sinus 
reflex but that phenobarbital 111 relativel3'^ large doses has no such effect 
The relation of mechanical irritation of the uppei respiratory tract 
to reflex changes in the heart has been investigated by Reid and Brace 
They found that introduction of a tracheal catheter as well as inflation 
of the Waters-Guedel cuff frequently led to cardiac irregularities as 
shown by electrocardiographic records, and they attributed these cardiac 
changes to the vagovagal reflex Although the3'’ stated that C3xlopropane 
anesthesia frequently produces cardiac irregularities, those produced by 
mechanical manipulation in the trachea ma3^ occur when nitrogen 
monoxide or nitrogen monoxide and ether are being used Since mor 
phine increases vagal tone, the3'^ advised that atropine should be gnen 
together with the morphine to abolish the reflex inhibition of the heart 
In this relation Weiss and Ferns showed that a dose of atropine 
sulfate of 1 5 mg was necessar3^ to abolish this t3pe of iago\aj,a e ect 
on the heart 


27 Morphine or Barbiturates Before Cyclopropane’ Annotations, Lancet 2 

704, 1939 

^ 28 Rovenstme, E A , and Cullen S C The ^nestl^t.c Management 01 

atients with a Hyperactne Carotid Sinus Reflev, Surgerj / ' ^nd 

25 \Ve,ss, S, S Baker, J P The Carol, d S.noi Re»ea ,n H«,lth and 

“■sease. Medicine 12 297-354, 1933 „ . r,,. 

30 Reid, L C, and Brace, D E ' 

Effect upon the Heart, Surg, G^nec S. Obst 70 I 0 /-I 6 -, 1940 Transient 

„ 31 Wesr, s, nnd Ferr,,; E B 

Complete Heart Block of ^'■ago-Vaga! Reflex Origin, •\rch Int - 
(Dec) 1934 
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In discussing ventnculai fibrillation in i elation to anesthesia and 
preanesthetic medication, Gtiedel and Knoefel pointed out that 
h} pel activity of the sympathetic system and the increased output of 
epinephiine are factois which piedispose to ^entllcular fibrillation, and, 
since morphine not only does not depiess the S3mpathetic s) stein but 
actually causes an increase m epinephrine output, this agent should 
be supplanted by baibituiales, wdiich depiess the symiiathetic nenous 
system in addition to pioducing sedation 

CORRECTIVES IN LOCAL AND SPINVL ANESTHESIA 

In patients w'ho ai e to hai e opei ative pi ocedui es can led out w ith the 
Operative legion under spinal, paraiertebial or local anesthesia, a pre- 
hmmaiy dose of morphine or of a baibituiate is of value m giving the 
patient mental oi psychic lelief before as w'^ell as during the operation 
The dose and time of administration should be about the same as for 
medication preceding use of a general anesthetic 

^^hth spinal anesthesia or paiaveitebial block a marked fall in blood 
piessuie IS frequently encountered, due to paialysis of the sMiipathetic 
nerves with subsequent pooling of blood in the aiteiioles and capillaries, 
which m turn leads to a stagnant anoxia, as has been showui by Shaw 
and his associates In order to counteiact this eftect one of the longei- 
actmg S} mpathomimetic amines should be injected some fifteen minutes 
befoie the beginning of spinal or paravei tebral anesthesia Ephedrine 
has been employed most wudely for this pui pose and has been found vei v 
satisfactoi y 

After pi eanesthetic medication with baibituiates, Tatum and his 
associates and Knoefel and his co-w’'orkers found that animals 
lequire twm to four times as much cocaine or procaine hydiochloride to 
pioduce toxic manifestations as did animals to wdiich barbituiates w'ere 
not adininisteied This observation wmuld indicate that piemedication 
with baibiturates may be of value in preventing toxic manifestations due 
to absorption of local anesthetics duiing surgical piocedures in man 

32 Guedel, A E, and Knoefel, P K Ventricular Fibrillation in Anesthesia, 
Am J Surg 34 496-499, 1936 

33 Shaw, J L , Steele, B F, and Lamb, C A Effect of Anesthesia on 
Blood Ov 3 'gen Study of Effect of Spinal Anesthesia on Ovygen in Arterial an 
Venous Blood, Arch Surg 35 S03-511 (Sept ) 1937 

34 Tatum, A L , Atkinson, A J , and Collins, K H Acute Cocaine Poison- 
ing, Its Prophylaxis and Treatment m Laboratory Animals, J Pharmacol 
Exper Therap 26 325-335, 1925 

35 Knoefel P K , Herwick, R P, and Lmenhart, A S The Prei ention of 
Acute Intoxication from Local Anesthetics, J Pharmacol 5L Exper Therap 
397-411, 1930 



ROBBINS— PRLANESTHEnC MEDIC 1 r/OV 


1053 


The obsenation of INIeek and SecAeis^'’ that baihiturate piemcdica- 
tion protects against the caidiac uiegulanties pioduced by ephedi.nc is 
a factor supporting the use of baibituiates foi patients ylio aie to lecene 
ephedrme to prevent the fall in blood picssine dining spinal anesthesia 
If the recent observations on labbits bi Cunnnighain and Bietei,®' 
vlio reported that substituting an eqiinnolai solution of Lakiuni ' liloride 
and magnesium chloiide for 30 pei cent ot the sodium chlonde solution 
used to dissohe piocame hydrochloi ide foi spinal aiiesdiesia causes an 
increase m duration of sensoiy anesthesia of 800 pei cent and in daration 
of motor anesthesia of 200 pei cent in animals nithout aiii' signs ot iriita- 
tion, aie found to obtain m man, a fuithei step in nici easing the safety 
of spinal anesthesia ill have been taken 


PREANESTHETIC MEDICATION IN RELATION TO A^OXlA 


The present concept of anoxia as divided into fotii t) pes, anoxic, 
anemic, stagnant and histotoxic, ma} be discussed bnefly m i elation to 
preanesthetic medication 

Avomc Anoxta — There is some evidence that pieanesthetic medica- 
tion gives rise to slight anoxic anoxia Data on the ox} gen saturation of 
arterial blood from dogs aftei administration of moiphine, as lepoited 
hy Blalock,®® show that there is a reduction of satuiation of 3 to 4 per 
cent and that when administration of moiphine is followed b} ether 
anesthesia there is a further decrease of 3 to 15 pel cent in the oxygen 
saturation of the aiteiial blood, depending m pait on the depth of 
anesthesia 


More recently INIcClure and his associates have reported that m 
nian after preanesthetic medication ivith seconal or c} clopal there is a 
decrease of 5 to 20 per cent m oxygen saturation of aiteiial blood, after 
aiertin with ainylene hydrate, 70 to 90 mg per kilogiam, a reduction 
°f 2 to 20 per cent, and after spinal anesthesia following morphine or 
seconal premedication, a reduction of only 1 to 10 per cent Likewise, 
111 dogs which receive full anesthetic doses of e\ ipal there is a i eduction 
15 per cent, wuth seconal a reduction of 15 per cent, with pento 
barbital a reduction of 25 pei cent, with amytal a reduction ot 10 to -o 
per cent, wuth dial a reduction of 7 to 8 per cent, and with aiertin wit i 
aniilene hydrate a reduction of 12 pei cent 


, 36 Meek, W J and Seeiers, H The Cardiac Irre^'ar.t.c. l^^eccd 

^ Ephednne ind a Protectne Action of Sodium Barbital, J P nrm c 
51 287-307 1034 

37 Cunningham; R L and Bieter, R N Experiments on 

Prociinc Spinal ■\nesthesia in the Rabbit T Pharnneo <- 
GG -410-422 1939 

^ 38 Blalock, A Cardiac Output in Dog. During Ether KmuK^a \rcn 
14 /32-751 (March), 921-933 ( \pnl) 9/S-990 (M-nl ^ ^ ^ 

3“ ^^cCIllre R D Hartman, T W '^clmcdori 1 C aini -c t - 

\,i„ Surg 110 S35-S50, 1939 
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These studies, together with others, would indicate that when mor- 
phine, avertin or a barbituiate is given m moderate to full anesthetic 
doses anoxic anoxia may follow 

Anemic Anoxm — Searles has shown that amytal in full anesthetic 
doses in dogs usually pioduces a reduction of the hematocrit, hemo- 
globin and red cell values of some 20 per cent, due to the sedimentation 
of red cells m the spleen If similai i esults ai e found in man with small 
doses of baibiturates (amytal), then it might be considered that bar- 
biturates produce anemic anoxia 

Stagnant Anoxia — Shaw and his co-workers®" have shown that 
spinal anesthesia produces stagnant anoxia and that the use of vaso- 
constrictor drugs which act principally on the capillary walls should 
be employed to prevent this condition 

Histotoxic Anoxia — In discussing the relation of pieanesthetic 
medication to anoxia, McClui e and his associates stated “Narcotics, 
particularly morphine and baibiturate derivatives in moderate to large 
doses, tend to produce anoxia, especially of the histotoxic type ” This 
conclusion is based on their own work and on the publications of Quastel 
and Wheatley,*’- Jowett and Quastel and Jowett 

They (McClure and his associates ®®) presented two tables (I and 
X) shouing the decrease m oxygen uptake of brain tissue (slices) 
apparently removed from the animal (species not given) after admin- 
istration of barbiturates, moiphme or avertin with amylene hydrate 
The data m these tables are interpreted as showing that these agents 
produce histotoxic anoxia, but because of the lack of descriptive informa- 
tion in the text it is impossible to evaluate them properly 

Jowett and Quastel,*® using a concentration of evipal of 0 033 per 
cent on tissue from the guinea pig, found that the increased oxygen 
uptake after addition of dextrose to the Warburg cup was 33 per cent 
less than in the contiol brain tissue, wheieas the same concentration of 
evipal reduced the oxygen uptake of the spleen, testis and slices of In or 
only 17, 16 and 2 per cent respectively This concentration of evipal 
(0 033 per cent) is thiee to four times the concentration found by 
Kennedy ** to kill the normal guinea pig A concentration of 0 016 

40 Searles, P W The Effect of Ether and Sodium Amytal Anesthesia on 
the Blood, Am J Surg 41 399-404, 1938 

41 Quastel, J H , and Wheatley, A H M Narcosis and Oxidations of the 
Bram, Proc Roy Soc , London, s B 112 60-79, 1932 , Narcotics and Brain Oxida- 
tions Reversibility of Narcotic Action in Vitro, Biochem J 28 1521-1529, 1^^ 

42 Jowett, M , and Quastel, J H Effects of Narcotics on Tissue Oxidation, 
Biochem J 31 565-578, 1937 

43 Jowett, M The Action of Narcotics on Brain Respiration, J Phjsio 
92 322-335, 1938 

44 Kennedy, W P Sodium Salt of C-C-Cjclohexenyl-MethvI-N-Jl£lb} 

Barbitunc Acid (Evipan) Anesthesia in Laboratory Animals, J Pharmaco 
Exper Therap 50 347-353, 1934 
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per cent of evipal i educed the ox^gcn uptake by 10 pei cent, Intt again 
this IS thiee times the dose A\hich will pioduce anesthesia of sixty 
minutes duration m the guinea pig 

Quastel and Wheatle}',’’- in studjing the eftcct of phenobai bital, 
barbital and chloral hjdrate in 0 12 pci cent concentiation in vitio (foui 
to eight times the fatal dose in vivo), found a i eduction of oxygen 
uptake after dextrose vas added of 20 to 94 pci cent, but when 0 12 
per cent ethyl carbamate (urethane) oi paialdchvde 012 per cent was 
added m Mtro (an approximate anesthetic concentration in vivo) the 
oxygen uptake was reduced only 17 and 3 per cent respectively 

Wortis,^'^ using the Barcioft-Warbiirg technic, found that morphine 
sulfate added to brain tissue in vitro (32 and 8 mg per hundred cubic 
centimeters) caused no reduction in oxygen uptake oi respirator}'^ 
quotient Phenobarbital of 0 5 pei cent concentration in the cup (thirty 
tirnes the anesthetic concentration in mvo) produced a marked reduction 
of OX) gen uptake both before and after the addition of dextrose 

When brain tissue was removed from rats and cats aftei administra- 
tion of full anesthetic doses of amytal or butylbromallylbarbiturate oi 
tog of morphine sulfate per kilogram and the oxygen uptake was 
ollowed for two houis or more, Wortis found no significant diffei- 
£uce m rate of oxidation between the tissues from animals receiving 
^ugs and those from control animals The addition of dextiose to the 
cup did not bring out any difference between the tissue from the medi- 
cated and that from the control animals 


rat Pierce found that when morphine sulfate was given to 

hter per hundred grams) and the brain tissue removed one houi 

^ er the rate of oxygen uptake when dextrose was added at the begm- 
tog of the experiment was identical in the tissue obtained from the 
ivas^ and that from the control rats When no dextrose 

3s added to the cup the rate of oxygen uptake was greater in tissue 
^otn morphine-medicated rats than m that from control rats, this is 
the morphine produces an increase in dextrose in 

^ 00 , so that the tissue from the rats which received morphine had 

cater reserve of dextrose than the brain tissue from control lats 

uptake ^^^''^oman and Seevers found that the rate of oxygen 
- m inced brain from the rat was the same in the cup containing 


45 

Effects f ^ ^ Respiratory Metabolism of Excised Brain Tissue II The 
10^9 Drugs on Brain Oxidation, Arch Neurol & Psychiat 33 1022- 

yWi) 1935 

sumpti^'^°f%^ ^ fierce, I H Effect of Morphine on the Oxygen Con- 
1935 ^ Tissue m the Rat, J Pharmacol S. Exper Therap 53 156-168, 


^ ^ Seevers, 'M H Some Effects of Morphine on the 
1 \pcr Tu^ ° Brain, Spinal Cord and Skeletal Muscle in Vitro, J Pharmacol S. 
Therap, to be published 
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moiphme as in the control cup Thf addition of p3auvate or dextiose 
failed to bung out any significant depressing eflfect of morphine on the 
oxidation of the brain 

The data in the literature at piesent show that the preanesthetic 
drugs moiphine, barbiturates and avertin in amylene hydrate when 
added to brain tissue m relatively very high doses, will inhibit in part 
the inciease in extia ox3fgen uptake in the presence of added substrate, 
particulaily dextrose (the data of Schideman and Seevers are excepted) 
When, howevei, morphine oi a baibiturate is used to produce deep 
anesthesia m animals and then the brain tissue studied for ox3^gen uptake 
there aie few oi no convincing data indicating that these agents alter 
the utilization of oxygen by the brain tissue With these obsenations 
in mind it is difficult to see how the use of morphine or a baibiturate 
as a pi eanesthetic agent gives rise to the histotoxic type of anoxia 

SUMMARY 

The geneial custom of administering nonvolatile chemical agents, 
1 e , moiphine, barbiturates or avertin with am3dene 113 di ate, to pioduce 
depiession of the central neivous S3'stem in patients before the induction 
of anesthesia is based on sound piinciples The type and amount of 
such agents administered vary from patient to patient, depending on 
the individual characteiistics of the patient as well as on the anesthetic 
agent to be employed Preanesthetic sedation must, theiefoie, be 
individualized 

The use of special agents, 1 e , atropine, scopolamine, barbiturates or 
ephedrine, to prevent or counteract undesirable side reactions due to the 
effect of the anesthetic is of special value in maintaining the anesthetized 
subject in the best possible condition These special agents ha\e been 
discussed in relation to the effects they pioduce on the different tissues 
of the body 

The subject of anoxia in relation to preanesthetic sedation has been 
discussed Anoxic anoxia maj'- result from respiratory depiession when 
large doses of morphine, barbiturates 01 avertin with amjlene hjdiate 
are given Anemic anoxia ma3'^ possibly result fiom premedication with 
amytal Stagnant anoxia as a lesult of spinal anesthesia maj be pie- 
vented by the use of ephedrine 

There is little or no evidence that the pi eanesthetic sedatnes nheii 
used in ordinarj? amounts cause anoxia of the histotoxic tj^pe 

The judicious use of pi eanesthetic agents, both adjuvants and correc- 
tives, should be of great value to the anesthetist m reducing the iiunibei 
of undesiiable changes occurring during anesthesia 



PREOPER\TIVE AND POSTOPERAIIVE TREATRIENT 
OF THE PATIENT WITH DI \BE1 ES 
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In this discussion ^\e shall piesupposc an undeislandnnj of the 
handicaps of the diabetic patient in addition to his caibohjdiate intol- 
erance We reter to the high incidence of aitenosclerosis, paiticulaily 
in the coronar) vessels and the vessels of the kidne}S, the susceptibility 
to and seriousness of infection both in the field of operation and in the 
unnan tract , the effect of prolonged oi acute sepsis on the diabetic state, 
and the frequency a\ith which piessuie of little consequence to the non- 
diabetic patient, may result in an aiea of neciosis, particulaily on the 
heels and over the sacrum 

e also assume a careful evaluation and treatment of the patient’s 
general condition, with particular reference to his state of nutrition and 
Mtamm or other deficiency which may exist 


PREOPERATIX E TREATMENT 

Opciahon^ of Election — It is our aim, in general, to send the diabetic 
patient to the operating room well fed, with the hvei well stocked with 
h eogen and with the urine showing no acid and little or no sugai 
Controlled Diabetes The diabetic patient undei treatment wdio, on 
an adequate diet, controls his diabetes rvith or without the aid of insulin 
s little special preparation for operation Such a patient spends 
m ' T ty-eight hours but rarely more than seventy-two houi s 

hospital prior to operation unless the natuie of the pioposed 
’’Deal procedure requires a longer period of preparation 

food ^ diet should be rather more simple than the coarse 

° '"inch such a patient is piobably accustomed to taking 

su in IS given in amounts comparable to the patient’s usual lequire- 
pau probably m smaller doses and more fiequently If the 

<Rnin” regular insulin, no attempt is made to change to prot- 

tl before operation, although pi otamme zinc insulin given 

c\ of operation, by viitue of its long-continued action, gives 

Qj P’’'^fection during the operative period One half to two thirds 
— *^1 insulin should be given on the morning of operation 

p 

the \e\\ England Deaconess Hospital 
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Among 193 diabetic patients recently operated on at the New 
England Deaconess Hospital, 79 took protamine zinc insulin alone, 79 
took legular insulin combined with protamine zinc insulin, 27 took 
regulai insulin only and 8 ^\ere taking no insulin before operation At 
their discharge, 103 of these patients were taking protamine zinc insulin 
only (one dose a day), 65 -nere taking one dose of protamine zinc 
insulin and one dose ot regular insulin, the aveiage amount being 12 
units of cr)rstalhne insulin and 40 units of protamine zinc insulin, and 
23 patients continued taking crystalline insulin onlj Two patients 
w'ere taking no insulin at discharge 

It ivas formeity our custom to give nourishing fluids to wnthin four 
hours of operation Experience show^ed, however, that in many instances 
fluid was still in the stomach at the time of operation and that it could 
not be depended on to increase the glycogen reserve The practice was 
therefore discontinued, and now^ no nourishing liquids are given ■within 
twelve hours of operation A fluid intake to assure an output of at 
least 1,500 cc pei day should be given If necessarj', parenteral fluids 
m the form of physiologic solution of sodium chloride wnth oi without 5 
per cent dextrose, depending on the carbohydrate need, are given We 
do not routmel}" give either h 3 'podermoclysis or intravenous fluid on the 
morning of operation before the patient goes to the operating room unless 
theie IS some specific indication for it 

Untreated oi Uncontrolled Diabetes If the diabetic patient has 
not been undergoing dietai}' treatment, a sufficiently long period of 
preparation should be undertaken to assure proper nourishment before 
an operation of election is done Any sudden and rapid restiiction of 
diet, especially of the carbohydrates, may result m disaster Acidosis, 
disturbances of hepatic function and even anuria have been so produced 
Ten patients who recently underwent amputation of a leg had an aierage 
diet during the days preceding operation of 140 Gm of carbohydrate 
68 Gm of protein (the equivalent of 08 Gm per kilogram of body 
w'eight) and fat to a total of 1,555 calories, or an ar'^erage of 23 calories 
per kilogram of body weight The untreated patient should be gnen 
protamine zinc insulin supplemented by regular insulin as needed If 
patient has been under treatment for a long time and is reasonably ivell 
controlled on a diet the proportions of wduch aie not just what one 
might wish, changes m diet should be made very gradually 

Emci gency Opei atwvs — It is important neither to delay a necessary 
operation nor, in the presence of infection, to use massive doses of 
insulin to render the mine free of sugar before operation is undertaken 
If time permits, the urine should be rendered free of diacetic acid Ik on 
the other hand, the urgenc} of the surgical condition is such as to neces- 
sitate immediate operation, the surgeon must recognize the increased 
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hazards of operation and the limitations placed on the magnitude and 
extent of the operative pioceduie as well as on the use of ether anes- 
thesia Such operations not only gicatl} inciease the difficulties of 
controlling the diabetic state but aie done on patients whose resistance 
to trauma and infection is below that which can be obtained by moie 
deliberate preparation 

POSTOPERATIVE TRLXTMEM 

Diet and Fluid — It is custoinai) to give each patient 1,500 cc of 
2 5 per cent dextrose in ph\ siologic solution of sodium chloride by hypo- 
dermoclysis promptly on his leturn from the opciating room One 
thousand to 1,500 cc of 5 per cent dextrose in physiologic solution of 
sodium chloride is given intiavenously in the late afternoon oi early 
evening of the same day Theieafter the total fluid intake is 3,000 to 
4,000 cc daily It is hoped to maintain an output of 1,500 cc or inoie 
of urine dail}' Howmvei, because wc have seen eldeily patients who at 
necropsy have showed edema of the lungs, w'e hesitate to give laiger 
quantities of fluids to our older patients w'lth questionable cardiac 
resen'e Unless there is a chloride deficiency or loss of chloiide by 
diarrhea, vomiting or excessive perspiration, we raiely give more than 
30 Gm of salt in a fluid administered parenteially 

Except when the nature of the operation requiies special dietary 
regulations, liquids, such as oatmeal giuel made wuth water, hot tea 
or coffee (with crackers or toast) are given freely, and gmgei ale and 
orange juice with egg white are given sparingly on the day after opera- 
tion On the second postoperative day milk and, if the patient desires, 
cooked cereals, junket or boiled custard are added to the diet There- 
after the diet is increased according to the patient’s tolerance and desires 
h possible, 100 to 150 Gm of carbohydrate is given daily, any amount 
uot taken by mouth being supplied b)'^ parenteral administration in the 
orni of 5 per cent dextrose by vein oi 2 5 pel cent dextrose m physio- 
ogic solution of sodium chloride under the skin Occasionally as much 
us 300 Gm of carbohydrate may be given m cases of severe damage to 
e liver Eventually a diet approximating 160 Gm of carbohydrate, 

Gm of protein and 90 Gm of fat wall be attained This represents 
le average diet on discharge of 10 patients aftei amputation of a leg 
'O'" gangrene 

hisnhn -—The availability of two types of insulin, the rapidly acting 
'^^stalhne insulin and the more slowdy acting protamine zinc insulin, 
P''m ides two means of controlling glycosuria and acidosis These drugs 

so potent that their dangers as w ell as their great advantages at the 

j operation must be fully understood 

>isiilin reactions due to hypoglycemia present a real danger unless 
’’mses, bouse officers and the physician in charge are prepared to 
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lecognize and tieat them pioperty The characteristic sudden ^\eakness, 
hunger, nervousness, sweating and palloi occurring three to four hours 
after the giving of the rapidly acting insulin oi twenty-two to twenty- 
four houis after administration of piotamme zinc insulin should be easily 
itcognized On the other hand, certain sjmptoms may be masked by 
other symptoms oi, indeed, may be absent in the patient whose clinical 
picture IS complicated by some surgical condition Almost any mental 
change, from nervousness to actual unconsciousness, convulsions or a 
maniacal state, may occur, and the physician’s first thought when any 
unusual symptoms appeal in the diabetic patient who has taken insulin 
should be the necessity for diagnosis of possible h)'poglyceinia b) an 
immediate examination of the level of blood sugar A venous infusion 
of 10 pel cent dextrose may be started at once and may be continued 
or discontinued, depending on the level of blood sugai 

It IS important to lecognize that it is much easier to avoid diabetic 
coma than insulin shock, that normal repaii of the wound will take place 
with a decreasing amount of sugai in the mine even though the blood 
sugar level may be as high as 180 oi 200 mg per hundred cubic centi- 
meters for four 01 five days aftei opei ation and that therefoi e no attempt 
need be made to lender the urine fiee of sugai during the first three 
01 four days of the postoperative course 

Our usual postopeiative insulin loutine is as follows (1) test the 
mine (Benedict’s test) eveiy foui hours and (2) give insulin (crystal- 
line), 15 units if the reaction is red, 10 units if it is yellow and 5 units 
if it IS yellow-green 

As soon as the patient can take his usual amount of food, the dose 
of protamine zinc insulin may be leturned to its pieoperative level, with 
addition of ciystallme insulin in accoi dance with the results of the test 
During the convalescence, when the mine becomes free of sugar it may 
be desiiable to test the need foi insulin by omitting oi reducing a single 
dose, usually the noon dose fiist Deteiminations of the value for blood 
sugar should be made as soon as the urine becomes free of sugar, as a 
safeguard against hi^poglycemic reaction 

COMMENT 

Paralysis of the bladdei, particulaily in eldeily diabetic patients, is 
by no means uncommon and is often without symptoms In the case of 
such a patient, therefore, the result of a test of urine not obtained bt 
catheter may not represent the true excretion of sugar at that time but 
rather that rn the accumulated urine of some hours before A red 
reaction thus may lead to unnecessary^ administration of insulin and 
serious hypogly cemia 
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Patients AMth active acute infectious pioccsses ulnch may go on foi 
davs. foi example caibundes oi infections of the e^emities. m^ 
require increase of the dose of insulin to as mnch as 00 ^0^^^^ 

per da) Then, suddenl) , alter drainage of the caibnncle oi a p 
of the hmb, the patient’s tolerance maj rapidly improve, with t e res It 
that if the high dose has been continued serious h>poglycemia w 
For this reason it is our practice m surgical conditions such as these rro 
on!) to make a quantitative detei mination of the concentra ion o 
m the twenty-four hour specimen of mine but. in addition, to tes s ^ 
specimens at two-bour intervals during the day, so t lat a coi 
picture of the sugar excretion is obtained Thus if the patient suddenly 
begins to excrete specimens free of sugar the dose o msu 

immediately omitted , 

The administration of dextrose solution intiavenous ) as a 
of feeding the diabetic patient after operation is o gre^ 
hypoglycemia derelops easily it insulin is administeied at tie sa 

as the dextrose Also, if insulin is administered according to le an 

of sugar in the first urine voided after administration 0 
dextrose, hypogl) cemic reaction will frequently occur goo 
IS to give a small dose of insulin, depending on the amoui^ o 
the urine just before dextrose is given intravenously 0 msu 1 
given in an attempt to utilize the dextrose about to e a minis ^ 

The patient is encouraged to void two hours after the injec ion las 
completed The urine will m all probability contain a large amount 
of sugar If insulin is given depending on the amount 0 sugar co 
tamed in this specimen, the level of blood sugar may be a mg in p 
to the stimulation produced by the dextrose solution, an e ms 
Will then provoke serious hypoglycemia If any su sequen spec 
of urine contain sugar however, the usual order for msu m may 
safely followed 

SUM MARX 

The diabetic patient, in addition to his metabolic disturbance, has 
man) hazards commonly associated with bis disease wiicr 1 
carefully evaluated and, as far as possible, corrected m the preparat 0 

of the patient for operation . 

A diabetic patient should go to the operating room ue nor 
With his Inei well stocked with glycogen and with the urine fiee of aci 

and containing little or no sugar 

The postoperative fluid and dietary routine of the diabetic patient 
's not unlike that of the nondiabetic surgical patient, particularly duiing 
tl'c first foul 01 five days A carbohydrate intake of from 100 to 
^50 Gm should be maintained bx parenteral administration of dextrose 
I' the patient is not able to take it bx mouth 
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Insulin IS given (depending on the urinaiy excretion of sugar) in 
small amounts and fiequently Hypoglycemic reactions are more diffi- 
cult to avoid when insulin is being gn en than is acidosis, and all mem- 
bers of the team must be constantly aleit so as to assuie an early 
diagnosis and piompt tieatment The paretic bladder, the lapid gain m 
tolerance following remmal or diainage of infected areas and attempts 
to utilize all of the sugar given m ]ntla^enous infusion represent some 
of the moie common causes of insulin leaction 
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The principles that underlie the preoperatne piepaiation of patients 
who have lesions of the stomach and of the duodenum aie conceined 
for the most part with attempts to facilitate compensation foi the effects 
ot obstruction with its associated metabolic disturbances, such as dehy- 
dration and avitaminosis, and with anemia due to hemoiihage Although 
these principles are applicable in the main to the pi epai ation of patients 
for operation, they appl) equally well when like conditions develop 
postoperatively However, the appearance of such conditions subse- 
quent to operation fortunately is of infiequent occuiience Although 
the principles of preopei ative therapy directed towai d conti ol of physio- 
ogic chemical changes are similar to those of postoperative treatment, 
0 patient’s response to the acute phases of postoperative complications 
be more sev ere, with a much greater general systemic reaction than 
response to some chronic phase that exists prior to operation In 
s latter instance there is usually sufficient time, if proper treatment 
s forthcoming, for the patient’s physiologic processes to compensate 
or some of the effects of the disease 


PREOPERATIVE CARE 


of ^<cUon — The most frequent lesion that produces obstruction 
10 stomach and duodenum is chronic duodenal ulcei In many cases, 
S stric ulcers of the lesser curvature of the stomach may pi oduce sufficient 
ance ot gastric motility to lead to pylorospasm and to an obstruc- 
the^ ^ considerable degree Malignant lesions of the lower thud of 
stomach not infrequently produce vmrying degrees of obstruction 
latevei the cause, such obstructing lesions produce consideiable 
^ ohc and chemical changes as the result of inability of solid food 
01 Tr cf obstruction and probably allow absoiption of pioducts 

— ^ cd a nd altered proteolysis , thus, various degrees of avitaminosis 

p 

(Dr tj"' Hi'ision of Surgerj (Dr Walters) and the Dnision of Medicine 
Hartman), the Ma^o Clinic 
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and states of nutritional deficiency develop The inabilit} of fluids 
sufficient to meet the bodily requirement to pass the obstructed region 
and the loss of gastnc secretion with its acid and chloride, when present, 
result m various degrees of alkalosis and hypochloremia The last- 
mentioned changes may occur as the result of toxemia due to dehydra- 
tion even in the absence of vomiting These toxic factors iiere called 
to our attention m 1923 by the classic experiments of Haden and Orr ^ 
and by the clinical report of Brown, Eusterman, Hartman and Rown- 
tree ^ Recently, Peters,^ in discussing metabolic disoi ders associated 
with gastrointestinal disease, called attention to the reduction of the 
le\ el of sodium in cases of pyloric obsti uction, expressing the belief that 
this has a greater significance than reduction of the level of chloride 
01 of that of bicaibonate because the concentration of sodium does not 
suffer until a considerable degree of dehydration has occuned Com- 
pensation foi the toxemia of dehydration wnth alkalosis, hypochloremia 
and loss of sodium by intraienous adinmistiation of solutions of sodium 
chloride with and without dextrose has been a routine m the preopera- 
tive preparation of patients who have gastric or duodenal obstruction 
w’lth retention of more than 300 cc of gastric contents 

The need for treatment depends not on the amount of gastric contents 
retained when the study is made but on the alteration of blood chemistrY 
coincidental with the obstruction We feel that the toxic state is detei- 
mined by the degree of persistency of the obstruction Intermittent 
obstruction — even complete obstruction occurring intermittently — is not 
likely to permit severe toxic avitaminosis or a state of nutritional defi- 
ciency to develop Patients with intermittent obstruction usually are 
sent into the hospital a few days prior to opeiation, they receive intia- 
venous injections of pliysiologic solution of sodium chloride and ot 
dextrose solutions The amount of each that is necessary is dependent 
on the requirements of the individual patient for establishment of a 
proper fluid balance and a normal acid base equilibrium, wduch includes 
restoration of the blood chlorides to a normal level This is possible 
111 cases m which such treatment is not contraindicated by the presence 
of some associated complicating condition, such as diabetes oi cardiac 

1 Haden, R L, and Orr, T G The Cause of Certain Acute Symptoms 
Following Gastro-Enterostomj, Bull Johns Hcpkins Hosp 34 26-30 (Jan) 

2 Brown, G E , Eusterman, G B Hartman, H R , and Rowntree, L G 
Toxic Nephritis in Pyloric and Duodenal Obstruction Renal Insufficiencv Com 
phcating Gastnc Tetany, Arch Int Med 32 42S-45S (Sept) 1923 

3 Peters, J J Metabolic Disorders in Gastrointestinal Disease, Rev Gastro 
enterol 6 84-90 (March-Apnl) 1939, abstracted, Dick, G F, and ethers 3. ear 
Book of General Medicine, Chicago, The Year Book Publishers, Inc, I > 
pp 783-787 
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mcompetency, which of itself is not scACie enough to conti aindicate 
operation on the stomach Usually, two injections of 1,000 cc of a 
solution that contains 10 per cent dextrose and 0 9 pci cent sodium 
diloride every tweiitj^-foui houis eftectivelj^ meets these lequiiements, 
one injection is given eaily in the nioining, and the othei, late m the 
afternoon Administiation of too much sodium chloiide manifests 
itself by an elevation of the level of blood chloiides beyond normal 
values and occasionally by the development of edema of the ankles and 
hands Injection of an isotonic solution of 5 pei cent dextiose without 
the sodium chloride is an eftectne method of admmisteimg fluid intra- 
venously and assists in maintaining a proper amount of fluid Dextiose, 
ot course, has definite caloric value We prefer to admmistei the intra- 
venous solutions by intermittent injection rather than continuously, 
as the latter method becomes tiresome to the patient and may pioduce 
thrombosis of the vein 

The patient is given a diet, the fluid state of wdnch is detei mined by 
his individual needs When the degiee of obstruction is severe the 
fluidity of the diet should be inci eased Some patients with incomplete 
obstruction of long standing, which may lead to a severe toxic state, 
can tolerate and actually need a moie varied intake of food than can be 
obtained by means of liquids alone, even if the liquid diet is augmented 
b> supplementary vitamins The stomach is emptied twice daily (or 
moie frequently if necessary) by gastric aspiration by means of a small 
Sawyer tube passed through the nose or mouth into the stomach 
Removal of retained secretions from the stomach allow^s it to return 
^0 a reasonably normal size and assists m restoration of tone to the 
gastric wall Thus, the surgical proceduie on the stomach is much 
•easier and gastric motility returns more quickly aftei the operation 
Tbe liquid diet administered should be palatable and should contain 
sufficient vitamins , if it does not, vitamin B and vitamin C should be 
given Vitamin K should be given if there is a prothiombin deficiency 
O' if there is evidence of hepatic insufficiency, as the liver, under the 
strain of prolonged operation, may prove inadequate for its lole in 
'iiaintaining normal coagulability of the blood 

Determination of the concentration of blood urea, blood chlorides. 
Strum proteins and carbon dioxide-combming powei at the start of the 
Ptriod of preparation, wnth repetition of the studies after two or three 
flais, serves to indicate whether the toxemia due to dehjdration has 

^-tn controlled 

Aiicmw — One or more transfusions will be lequiied prior to oj^era- 
"on if anemia is extreme On the other hand vv e hav e been particularly 
"’’pressed with the fact that patients with moderate degrees of anemia 
seem to stand operativ e procedures m a satisfactorv manner A patient 
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who has a concentration of hemoglobin of less than 40 per cent (6 Gm ) 
and less than 2,500,000 erythrocytes pei cubic millimeter benefits from 
a preoperative blood transfusion Although it is of some advantage to 
give such a transfusion two or three days before the operation, we haie 
not hesitated to give it on the day piecedmg the operation or, if urgent 
surgical treatment is lequired, during the operation and subsequently 
In 1 case, of extiemely serious bleeding fiom a peiforating, obstructing 
hemorrhagic duodenal ulcer, two tiansfusions were given prior to opera- 
tion because the eiythrocytes numbeied 1,960,000 per cubic millimeter 
and the concentration of hemoglobin was 32 pei cent (49 Gm ) At 
operation, on Oct 27, 1939, the extent of the lesion and the condition 
of the patient piecluded any proceduie other than gastroenterostomy 
Tnelve transfusions were given subsequent to operation, over a period of 
four weeks Although on one occasion (November 4) the concentration 
of hemoglobin i cached the low level of 17 8 per cent (2 7 Gm ) and the 
ei}thiocytes numbered 890,000 per cubic millimeter, wnth the passing 
of time healing of the ulcei occuiied and bleeding ceased On November 
19 the hemoglobin level had risen to 75 9 per cent (115 Gm ), and the 
erythiocytes numbered 3,570,000 per cubic millimetei Bleeding from 
the ulcer had ceased, and the patient made an excellent recovery 

In another case of acute bleeding from a duodenal ulcer, transfusions 
totaling 3,600 cc of blood were given piioi to partial gastiectomy for 
a subacute perforating hemorrhagic duodenal ulcei The patient 
recoveied satisfactoi ily from the opeiative pioceduies and has been 
well and free of bleeding since ^ 

We have found it of advantage whenevei ti ansfusion is contemplated 
to determine the blood groups of the patient’s relatives and to test 
then blood by means of the complement fixation test to determine 
whether syphilitic infection is present and whether they may be used 
as donors if necessaiy This helps to deciease the expense of treat- 
ment and, m addition, prevents depletion of the blood bank The 
efficiency of the properly controlled blood bank as a leservoir for blood 
IS well known 

Peifoiation — The patient with acute pei f oration of a duodenal ulcer 
usually requires an immediate operation, a part of which, at least, is 
closure of the perforation In such a case it is advantageous to empty 
the stomach with a stomach tube before operation, this is particularly 
advisable if a general anesthetic is to be used 

The patient who has a subacute perforation complicating the gastric 
or duodenal lesion can be made a safer surgical risk and the tecbnica 

4 Herrell, W E Prolonged Transfusion and Immediate Partial Gastredom' 
for Hemorrhagic Duodenal Ulcer Report of Case, Proc Staff Meet, Ma>o 
Chn 13 261-263 (April 27) 1938 
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difficulties of the operation may be simplified by medical tieatment of 
the inflammatoiy process and by simultaneous symptomatic treatment 
of the primary lesion Inflammation occuis within the lesion itself, 
but more important and at times crucial is the dispei sion of the inflam- 
matory process to contiguous and adjacent tissues This may occui 
when the lesions are in the stage of penetiation, when an acute perfoia- 
tion IS walled off, with foimation of an abdominal mass that at times 
IS palpable through the abdominal wall, and when chionic and sub- 
acute perforations occur with local peritoneal ii i itation The treatment 

for the inflammation is like that used for any inflammatory abdominal 
process, that is, “splinting” as far as is possible through rest in bed and 
sedation as needed, application of cold locally, omission of violent purga- 
tion, cleansing of the bowel by bland enemas and lelief of symptoms 
when possible through a diet planned according to the individual needs 
A smooth diet of low or increased residue, a high caloi ic or high vitamin 
'f'^t, a non-acid-producing diet, a liquid diet and similar diets all are 
used to obtain symptomatic relief of discomfort from alkalis, together 
with supplementary feeding and vitamins when indicated During the 
preparatory period, pain is relieved by sedatives and opiates if neces- 
sary The patient should have sufliicient lest at night, and usually one 
of the barbiturates serves as an effective hypnotic Masses, due to 
inflammation, which may be palpable through the abdomen melt away 
under such proper therapy in five to six days and have been observed 
fo disappear to such an extent by the time suigical exploration is cai- 
ned out that only slight evidence i emains Less extensive inflammation 
■iko responds to such therapy The surgeon’s work is made easier, and 
patient’s resistance to infection is not taxed so much aftei preopeia- 
treatment Also, peritonitis is less likely to occur Howevei, 
Unless the patient has been forewarned, relief from pain and improvement 
'n his general condition may lead him to suspect that the ulcer has 
^ ed and that a surgical procedure is not necessary 

POSTOPERATIVE CARE 

The postopei ative care of the patient may be considered from the 
^f^ndpomt of routine measures to be instituted in cases in which no 
'ioniphcation exists and from the standpoint of treatment of postoperatn e 
'ionipiications 

Gcnaal Measiacs — A general measure of importance is maintenance 
° ^ positive fluid balance so that intake exceeds output or so that a 
l^situe fluid balance of at least 1,000 cc eierj twent\-four hours or, 

^ ^fcr, 1,500 to 1,800 cc , exists Administration of fluid bj proctoc- 
IS still an easv and effective method of administering fluids 
Piirenterally, but it gnes the surgeon less assuiance that the patient 
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actually has the fluid than do the intiavenous oi the more painful sub- 
cutaneous methods It is possible to administer as much as 1,800 cc 
by pioctoclysis each twenty-four hours, usually without discomfort to 
the patient This may be supplemented by subcutaneous injections of 
physiologic solution of sodium chloride, usually introduced in the sub- 
pectoial legion, the needles being placed usually in the areolai tissue 
beneath the bieast but sometimes in the subcutaneous tissue on the 
inner aspect of the thigh An injection of 0 5 per cent procaine hydro- 
chloiide in the region in which the needle is to be inserted for the h)po- 
dermoclysis frequently assists m reducing pain to a minimum, especially 
if the fluid IS not foiced into the tissues b} pressure but is allowed to 
entei by means of gravity alone at a late neai that at which it is absorbed 

Intiasenous injections of a 10 pei cent solution of dextrose in plnsio- 
logic solution of sodium chloride aie used to supplement the other 
methods of administration of fluid In selection of the constituents of the 
fluid m respect to the relation of the concentration of dextrose to that of 
sodium chloride, the principles previously described m the section on 
pieopeiatne care aie followfed 

In the absence of retention of gastiic contents the patient is allowed 
Yz ounce (15 cc ) of w^atei each hour, beginning foity-eight hours after 
opeiation, this is inci eased to 1 ounce (30 cc ) an hour on the follow'- 
ing day (fouith postopeiative day) A small quantity of milk is then 
allowed at frequent intervals, to which ai e added thin gruel and custard 
until about the twelfth or thirteenth da), wdien the patient is allow'ed 
a soft diet In from six wrecks to three months a reasonabl) general 
diet IS peimitted It has been oui expeiience that there is a greater 
tendency on the part of the nuising staft and dietitians to overfeed 
patients than to undeifeed them This is true particularly betw'een the 
tenth and the twentieth day We think that this may account foi some 
of the letentions occasionally seen in that peiiod of convalescence 

Fluid Output — It IS important to obseive the output of urine and 
the Specific gravity each day, foi a lowi- output may mean insufficient 
fluid intake or retention of urine If the foimer seems adequate e^en 
m the absence of ability to palpate a distended bladdei, we feel h 
adMsable to catheterize the patient after voiding to eliminate the pos- 
sibility that residual urine is present If it is present, the patient is 
catheteiized intermittently every eight houis until it disappears At 
times use of a retention catheter is the better procedure 

If letention of gastric contents in amounts of not more than 800 to 
1 000 cc during a tw'enty-four hour period is present, intermittent 
emptying of the stomach by aspiration may satisfactoi ily tide the patient 
over the period of retention This is usually less uncomfortable an 
tedious to the patient than is continuous suction The latter is adMsa e 
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in cases of retention when the retaineci contents exceed 800 to 1,000 cc 
m twenty-four hours, in which case it serves not only to keep the 
stomach empty but to pioduce less discomfoit foi the patient than that 
caused by a distended stomach Clark and his associates® have called 
attention to the fact that m cases of stasis of the uppei poition of the 
gastrointestinal canal, when it is necessary to aspnate the gastric and 
intestinal contents continuously over a long period, the patient in the 
meantime taking a ver}^ limited amount of food, a deficiency of pio- 
thrombin may develop and hemorrhage occur This has been noted in a 
few instances and is promptly relieved by parenteral administration of 
the antihemoi rhagic naphthoquinone derivatives that have vitamin K 
activity 

A careful record should be kept of the amount of fluid lemoved 
from the stomach in ordei to maintain a positive fluid balance The 
color of the fluid is important, for if the fluid contains a large quantity 
of bile It means that the anastomotic opening between the proximal 
loop of jejunum and the stomach is open, wheieas that between the 
stomach and the distal loop of jejunum is not 

Labo}ato}y Studies — We find it advantageous to have a routine 
iinnaljsis made on the second or thud day following operation This 
furnishes a good indication of the ability of the patient’s kidneys to con- 
centrate urine, indicates the presence oi absence of infection of the 
urinary tract and immediately calls attention to the presence of unsus- 
pected diabetes A routine examination of the blood is made at the 
S3uie time Such examinations have revealed that even among patients 
"'ho appear to have lost a minimum of blood during a surgical pro- 
cedure a variable degree of anemia is present after a major operation 
ff the content of hemoglobin is less than 8 Gm and the number of 
ciythrocytes is less than 3,000,000 per cubic millimeter, we considei 
u blood transfusion indicated If gastric retention is piesent, analyses 
®f the blood for concentration of urea and chlorides and carbon dioxide— 
combining power are made every third day If abnormal changes in 
fi'cse constituents of more than an average degiee exist, appropiiate 
■ueasures to compensate foi them by replacement therapy are imme- 
diatelj instituted These studies of the blood are repeated as frequently 

seems necessaij to determine whether sufficient fluids and electrolytes 
^ce being administered 

P^diuonaiy Comphcahons — Pulmonarj complications subsequent to 
^Tciatio^sualh consist of atelectasis, bronchopneumonia or pulmonary 

r R L , Jr , Dixcn, C F , Butt, H R , and Snell, A M Deficient 

Brothrombm Associated a\ith Various Intestinal Disorders Its Treatment with 
^’"’I'cinorrhagic Vitamin (Vitamin K), Proc Staff Meet, Maro Clin 14 
''*'-■116 (Tune 28') 1939 
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embolism Although it might be felt that atelectasis would occui moie 
frequently aftei general anesthesia, expeiience has shown that it occurs 
probably with as great a fiequency aftei spinal anesthesia Since in 
some cases of spinal anesthesia supplemental y anesthetic gases and 
oxygen are given, the same factois conducive to pulmonaiy embolism 
might be brought into play as though no spinal anesthetic had been given 
Atelectasis is to be suspected when the patient’s tempeiatuie, pulse 
rate and respiratory rate increase piogiessively after operation (fig 1) 
Physical signs of the collapse can frequently be elicited a few hours aftei 
the operation, but roentgen examination is the most accurate method 
of determining its presence (fig 2) The patient should be placed 
immediately on the side corresponding to the undisturbed lung and 
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Fig 3 — Atelectasis of the right lung, a, three days after onset, with evidence 
some air in the upper lobe , b, eight daj s after onset, with evidence of air in 
the upper and middle lobes 

should be changed frequently fiom his back to this position In this 
fashion and by encouraging him to cough one hopes to dislodge the 
plug of mucus that obstructs the bronchus (fig 3) Placing a hand on 
^ach side of the patient’s thoiax and compressing it nhen he starts to 
cough aie helpful in expelling mucus from the bronchi Inhalations 
of carbon dioxide and oxygen (95 pei cent oxygen and 5 per cent 
oarbon dioxide) after a short time at frequent inter\als increase the 
depth of expiratory exclusion and assist, first, in dislodging a plug 
of nuicus and, second in inflating the collapsed portion of the lung 
*^'^'gen is particular!) xaluable m such cases, as it decreases the respira- 
tor) rate and helps the patient to expel the bronchial mucus In the 
o^igen tent the tempeiature and pulse rate decrease more rapid!) than 
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elsewhere, and as lestlessness and an\iet)' aie deci eased the patient has 
a greater feeling of comfort We piefei to administei ox}gen in an 
oxygen tent lathei than through an oxygen mask Secietions from 
the lespiiatory tiact may accumulate in the mask, pioducing considerable 
annoyance to the patient When these methods have failed, se\eial 
patients ha\e been subjected to bronchoscopic procedures, with excellent 
lesults (fig 4) Experience has shown that it is advisable to reduce 
the use ot opiates to a minimum so as not to inhibit the coughing reflex 
When necessai}, the baibiturates sei\e as good sedatnes to obtain 
lest and sleep 

Usually the patient has passed the stage of acute reaction fiom the 
atelectasis in thiity-six hours, and the oxygen can then be gradually 



Fig 4 — Roentgen appearance of (a) atelectasis of the lower lobe of the right 
lung and (b) disappearance of atelectasis after removal of mucus from the 
bronchus of this lobe bv the bronchoscope Although atelectasis occurred m this 
patient after cholec 3 "stectomy on Dec IS, 1939, the clinical picture of atelectasis 
appearing the ne\t day, with marked response to removal of the obstructing mucus 
from the bronchus bj’^ means of the bronchoscope on December 17, vas so tipical 
and striking that the case is mentioned heie in spite of the fact that the 
condition did not follow an operation on the stomach oi on the duodenum 

withdiawn, fiist foi half an hovu and then foi increasing peiiods, as 
the patient’s condition warrants 

Bronchopneumonia Theie is some evidence to suggest that main 
cases of suspected bionchopneumonia aie, m reality, cases m which 
pulmonary infaiction has occuired oi cases of infections grafted on 
legions affected b} atelectasis (figs 5 and 6) Whether this is true 
or not, the fact remains that a rapid and remarkable i espouse is obtained 
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Anterior* gastroenterostomy 
Bronchial pneumonia 



Days after operation 

Fig 5 — Effect of administration of carbon dioxide to 
roncliopneumonia following an anterior gastioenterostomy 



y 

^ ’B 6 — Increased dcnsiti mdicatne oi bronchopneumonn 
I'oth lungs (sninc patient ac in figure 5) 


patient who had 


in the lower lobes 
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in such cases by administiation of sulfanilamide, sulfapyiidine or 
sulfamethylthiazole Although m cases of pneumonia we formerly typed 
the patient’s sputum and used specific rabbit seium (and still do in 
suitable cases), the lapid response to chemotherapy has decreased the 
use of specific serums m such cases in our expeiience practically to the 
vanishing point Clinical expeiience has proved that when broncho- 
pneumonia IS suspected from the increased tempeiature and pulse rate, 
even m the absence of positive thoiacic or roentgen findings, the patient 
does better if immediately placed in the oxygen tent If signs of broncho- 
pneumonia can be elicited on physical examination and demonstrated 
by roentgen examination and if the patient’s condition w arrants, chemo- 
therapy should be staited without delay (figs 7 and 8) With sulfanil- 
amide, It was oui custom to give an initial dose of 75 grains (5 Gm ) 
in the fiist twenty-four hours, following it with doses of 40 to 60 grains 
(2 6 to 4 Gm ) in each succeeding twenty-foui hours for five or six 
days At no time should the concentiation of sulfanilamide in the 
blood be allowed to exceed 15 mg per bundled cubic centimeters With 
the introduction of sulfapyridine, Moeisch® and Hmshaw'^ advocated 
administering 60 to 90 grains (4 to 6 Gm ) of this diug in the fiist four 
hours, then 15 grams (1 Gm ) evei}'' foui hours, continuing for five 
to SIX days (figs 9 and 10) If it is necessary to institute chemotherapy 
m the fiist foity-eight houis subsequent to operation, when the patient 
IS not taking fluids orally, the sodium salt of sulfapyridine is given 
intravenously, 006 Gm per kilogiam of body weight is given, and the 
dose IS repeated every six to eight hours Estimations of the concentiation 
of these substances in the blood are made at frequent intervals to prevent 
overdosage Reexaminations of the blood should be made to eliminate 
too great a diop in the number of leukocytes, and lepeated examina- 
tions of the thorax, particularly roentgen examinations, are made to 
eliminate the possibility that fluid (especially pus) has developed in 
the pleural cavity In our experience such complications are extremely 
rare 

Pulmonary Embolus In 828 operations on the stomach and on the 
duodenum pei formed at the Mayo Clinic m 1938, the incidence of fatal 
pulmonary embolism was 0 6 per cent This is a significant figuie when 
one takes into account that with patients who fail to recover from 
operation permission for postmortem examination is obtained an 
autopsy is carried out in 80 per cent of the cases Various methods o 
reducing the incidence of fatal pulmonary embolism have been attemp e 
and carried out, among which are the standardized frequent moving 

6 Moersch, H J Personal communication to the authors Afaio 

7 Hinshaw, H C Chemotherapy in Pneumonia, Proc Staff Meet, i 
Clin 14 769-772 (Dec 6) 1939 
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Partial gastrectomy - Billroth I 
Pneumonia 



Days after operation 

7 — Effect of sulfapyndine on the temperature and pulse late of a patient 
who had pneumonia after a partial gastrectomy with a Billroth I anastomosis for 
carcinoma of the stomach 



-' 10 ^'^ ® "CoiKohdation m the lower lobe of the leu lung and resoUirg p’ 
>11 the upper lobe of the right lung 
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Pneumonia 



1 a 3 4 5 

Days after operation 


Fig 9 — Record of the temperature and pulse of a patient who had pneumonia 
postoperatively and who was treated w'lth sulfapyndine and inhalations of carbon 
diOMde 



Fig 10 — Infiltration of the hilus of the right lung in radial distribution 
the periplier> of the lung, wuth a shift of the mediastinum toward the rig 
indicatne of pneumonia or infarction 
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of Ae patient from side to side e]e\anon of the foot of the bed adminis- 
tration of th}roid extract and more recentl} mtra^ enons use ot punned 
heparin Although m large senes of cases these larious methods hare 
been used to decrease the incidence of postoperatne fatal embolism 
(and all of the methods ha\ e r alue) the fact remains that tatal pulmonarr 
embolism continues to ocair Fortunarelr houerer it is infrequent 
and presents it rr ould seem one of tlie fen problems remaining tmsoh ed 
in the treatment of postoperatne comphcanons Intrarenous injections 
of heparin at present seem to justifr. the expense entailed although 
further use of this preparation mar* show it to hare deleterious effects 
It should not be accepted as a standard medicament as r et Tne heparin 
that rre hare receired for use m these cases has been supplied through 



I’lg 11 Roentgen eridence of (a) infiltration of the lover lob^ oi the right 
“ng and (&) an infarct of the nght lung ffojr dajs later J 


the cooperation of Dr Charles H Best, from the Connaught laboratories 
the Unir ersit) of Toronto Toronto, Canada Follorring the sugges- 
ho'Js tor the clinical use of heparin made by Murrar and his associates ^ 
the Toronto General Hospital Priestley and Esse': ^ instituted its 
^ ^ the Maro Qmic m certain selected case= -V detailed report 
t 'e results is under preparation by Priestlci at present From the 
P ^'uiinarc clinical trial it seems as though thi= treatment mac he ol 
mte Aalue to certain patients uith thrombosis and embolism J be 
'"“wngcase.s m poml 


til D A\ G Jacauc^ L E Perret, T S ?nf! C II II' 

9 p combo-is OI Veins Folio > ing Injure, Svf-'cr^ 2 I^I-lf'/ ( 'oip ) 
cicstlee J X Esse-, H E Unpuhh h''fl 
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REPORT or A CASE 

A man aged 52, heavily built and weighing 200 pounds (907 Kg), uas 
operated on Dec 12, 1939 Cholecystectomy was performed for subacute chole- 
cistitis wth cholelithiasis Convalescence was normal until the twelfth day after 
operation, when thrombophlebitis of the right internal saphenous vein developed 
There was comparatively severe tenderness along the course of the \ein, and the 
associated pain required codeine sulfate for relief The pain extended into the right 
groin On January 3 a pulmonary embolus lodged m the lower lobe of the 
right lung and produced a pulmonary infarct (fig 11, a and b) with the charac- 
teristic signs and symptoms , this was confirmed hv roentgen examination on 



Fig 12 — Increase in coagulation time of the blood associated with continuous 
intravenous administration of heparin 


Tan 4, 1940 The tempeiature and the pulse rate increased from January 2 to 5 
Intravenous injections of heparin were staited on January S, and heparin was 
administered continuously for nine days The rate of injection was sufficient to 
maintain a coagulation time two to three times that which existed before 
treatment (fig 12) Two hours aftei the injection was started the pain m the 
patient’s right leg decreased noticeably, and his geneial condition improved His 
temperature and pulse became normal on January 11, seven days after the start 
of the injection of heparin The injection was discontinued on January 13 He 
was dismissed from the hospital on January 17 Residual edema in the lower 
portion of the right leg was compensated for by application of a rubber elastic 
bandage 
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Postopeiative Gasti ointestinal Obstnicfwn — There aie two tjpes ot 
obstruction that may occur in the vicinity of the an iinosis subsequent 
to operation, the most frequent being’ edemaiou'- nai rowing of .bo 
gastroenteric stoma, resulting either from infia n it the otou. t 

Itself or from inflammation in the eclematoi uni ei- nu .-oub n 
adjacent to it (if the anastomosis has been rnach p > ' -lo' tn toi iM'np i 
Of rare occurrence is mechanical obstruct’on o* .vui ’ll 11,11 ato \ u< , m' 

such as that resulting from pulling of the loc/p-> ui j( ,1 ,1 . b ii ” ' ' u| 

the anastomosis into the lessei peritoneal caoin n u. ” ^ . n 

loops of small intestine behind the site ot ancut,.' . -u, luiwti i 1 ■ ’ 
the posterior abdominal ■wall Obstruction^ rahuinj lu.m i' n.'!' 1 
matory changes described usually do not i'iiniie‘'r <1 1’''’ v i n.i' 

the sixth or seventh postoperative day In lai e nutmu ^ g i " i< ' 'U 

may occur two and a half to three weeks poslopci it’’’ > h f , 
one feels on discovering the delayed retention and lIk h hi t 1 .u thi- 
patient experiences from adequate emptying ot tlie tuinnb i 'O 
dramatic as to be clearly remembeied by both the suigion and the 
patient Such retention results fiom overfeeding and h u no -.v.queiae 
when gastric atony is corrected 

The retention which begins on the sixth 01 the sevcntli po«tupei itiie 
day IS a different story The patient who has been taking sci ci al Inindi ed 
cubic centimeters of fluid, including nourishment, begins to icgurgitatc 
small amounts of it or has a feeling of uncomfoi table fulness m the 
abdomen which may be associated with an increase in pulse late and a 
decrease in temperature Unless the stomach is emptied b} means 0 
a tube, A'omiting may occur, the vomitus usuall) contains ^arIale 
amounts of bile Retention of a few hundred to many hundred cutnc 


centimeters of gastric contents is noted from da) to da) 

The mechanical obstructions usually manifest tbcmschcs nnmcdiat 
after operation, the patient retaining large amounts of gastric con en . 
from the beginning Should the obstruction be mechanical in 
sooner operation and relief of the obstruction are earned out t le 
Usual!) minor measures are all that is necessar) to correct t ic 
bon, such as pulling the anastomosis down into its proper p 
kclow the opening in the transverse section of the mesoco on an < ^ 

It there by sutures Most mflammator) 
taneousl), although if they last beyond the sixteent 1 or le ^ 
poaopcraln-e day some mell.od of suppl)mg pom.sl.mcn m.o , he 
gaslrointestina! tract usually ts adrisable Tins is "’^*1 2o p 

performance of a temporary jejunostomy r® a no ^ 

c>athcter is introduced into the jejunum approxim te 


fO Wesson, H R Postopentne Ga'^tnc 04) ]0-; 

mrreedinq Proc Staff Meet, Mono Clm 12 /-t/'/e-i ( 
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distal to the site of jejunal anastomosis ^\lth the stomach, and the 
end of the catheter is directed downwaid Nouiishment immediately 
can be intioduced into the intestine m this fashion, and sufficient calories, 
with the pioper latio of piotein, fat and carbohydrate, may be given to 
maintain the patient m physiologic balance until the inflammatory 
obstruction subsides, wdiich it ma'j not do until the twenty-fifth to the 
tw'enty-eighth day following the initial anastomosis In a few cases 
one of us (VV W ) has known the stomach to fail to empty completely 
through the anastomosis for thirty-six days 

It IS, of couise, necessaiy to compensate for the loss of gastric secre- 
tion by giving fluids eithei intravenously' or subcutaneously' A positive 
fluid balance of intake over output of at least 1,000 cc should be 
maintained An intiarenous solution of 10 per cent dextrose m physio- 
logic solution of sodium chloride or an approximatelv isotonic solution 
of 5 per cent dextrose is effective for restoiing the electrolytes of the 
blood and the acid base equilibrium to noimal le\els the isotonic 5 per 
cent dextrose solution being used m place of the 10 pei cent dextrose 
and physiologic sodium chloride solution w hen the level of blood chlorides 
has retuined to normal and when eiidence of retention of chloride, such 
as edema of the low'er extremities and the hands, manifests itself 

In some cases of mechanical obstruction at the stoma, one of us 
(W W ) has used tw'O catheters instead of one, inserting them in the 
jejunum closei to the anastomosis and diiecting the second catheter 
upw'aid through the anastomosis into the stomach to eliminate the 
necessity of intermittent oi continuous gastiic aspnation through a 
nasally or orally introduced stomach tube On a few occasions he has 
made a small opening in the stomach and has passed a no 20 F or a 
no 22 F catheter through it and through the stoma into the distal loop 
of jejunum, buiying the catheter foi 1 inch (2 5 cm ) oi so in the w'all 
of the stomach after the method of a Witzel gasti ostomy' This permits 
intioduction of fluids and noiinsliment into the jejunum, and the tube 
through the stoma apparently acts as a drain, foi the gastric fluids pass 
along It into the jejunum If catheters used in this fashion are passed 
through an opening m the gastrocolic omentum before they' are brought 
to the outside of the body', aftei their lemoval omentum will plug the 
opening which the jejunostomy' tube occupied, and leakage of gastric or 
intestinal fluids w'lll not occur 

Expenence has shown that when the patient is sufficiently obese 
the transrerse section of the mesocolon is impregnated with fat or is 
shortened to such an extent that it cannot be accurately' sutured abore 
the stoma This is the type of case in w'hich gasti ic letention is hkely 
to der elop ^^^len operation is again performed in such a case, a brawn) > 

11 Chaunce\, L R Unpublished data 
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edematous induiation of the transveise section of the me‘=ocolon is noted 
in such cases we believe that this, lathei than edema ot the bite ot 
anastomosis itself, is usually the cause of the gastric stasis To pre^ent 
such a possibility, anastomosis of the jejunum to the stomach can be 
made anterioi to the colon The increased amount ot tat m the gastro- 
colic omentum and the enlarged fatty tiansveise section of mesocolon 
which bulges the transverse section of the colon foiwaid make it neces- 
sarj in an anastomosis anteriot to the colon to use a longer proximal 
loop of jejunum than is used in an anastomosis postenoi to the colon 
In some cases of antenoi anastomosis stasis develops m the pioximal 
oop of jejunum, which may necessitate an enteioanastomosis between 
lie proximal and the distal loop of jejunum on the twelfth to the 
sixteenth day to leheve retention If the loop of jejunum used in making 
3n anastomosis anterior to the colon is compaiatnelv long letention is 
more likely to occur 

In manj'^ cases in wdiich pyloiic obstiuction pre\ents piopei intake 
0 nourishment and fluids piioi to opeiation and the patient is m a 
state of malnutiition, a cathetei intioduced into the stomach through 
ic nose or mouth is carried through the stoma of the anastomosis 
the time the anastomosis is made and is placed in the distal loop ot 
jejunum (or m the duodenum if an opeiation of the Billroth I tjpe 
that feedings can be begun immediate!} aftei opeiation 
iis IS of particular value m cases of long-standing pjloiic obstruction 
"bich paitial gastric atony has occuned and efficient emptMug ot 
^ le stomach thet efore is delayed postoperatn eh 

'qually effective and much moie pleasant foi the patient is tlic 
r orinance of a tempoiaiy jejunostoiu} and inseition of a tube at the 
line of the initial operation on the stomach, foi tliiough tlic tube both 
s and nourishment can be intioduced diiectli into the intestine 
^'^lyout the discomfoit of the indwelling nasal tube Rccenth Stengel 
Ravdm ha\e suggested the use of a two-wai tube swallowed 
mto the stomach, the end of the shoitei tube being placed in the siomaeh 
di operation to reinoee accuinulatmg gastric secretion ind 

distal tube being pushed down mto the jejunum lor Iceding purpose' 
ic tube m the jejunum is used toi mtioduction ot nourislnnent ind 
n ‘1 that ha\e a high content ot ammo acids m tins w n the ])h‘'in i 
P'otenis aie maintained at a reasonabh noiiinl leiel and tlui'' in 
iiiciease m the edema of the anastomosis whieh Kaidin ha^ shoi n 
xpcriiiKiitalh to occui m subjects with low leiels oi jih'in i jmci'ii' 
‘'"Prciented 


5- Stiiitril \ jj. j 5 Man !i' ii -( 

^ I'S cal Pniitnis with a Dt-cnpiiin oi tlie Oroun id Mt'’ 
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Recent studies by Chauncey oit the i elation of the concentration of 
serum protein to postoperative gastiic retention have shown that h)'po- 
proteinemia is not the sole causative agent in the production of gastric 
retention Indeed, in the appeal ance, maintenance or disappearance of 
gastric retention he has found that the concentration of serum protein 
does not consistently play an important part He admitted, however, 
that in cases of severe hypoproteinemia with general manifestations 
gastric retention may occur 


Jejnnostomy Foamila in Use at Picsent 



lEt 

Total cc per hour 

30 

Total cc per day 

720 

Ingredients 


Ice cream mix,*' Gm 

Skim milk powder, Gm 

ISO 

Eggs 

Dextrose, Gm 

Ascorbic acid, mg 

25 

Halibut liver oil, drop= 

Thiamin chloride, mg 

Water cc 

570 

Composition 


Oarbohj drate 

47 

Protein 

6 

Pat 

21 

Calories 

401 


Day on Which Diet Is Employed 


2d 

8d 

4th 

5th 

6th 

30 

60 

60 

90 

SO 

720 

1,440 

1,440 

2,160 

2,160 

200 

400 

450 

7D0 

800 

25 

50 

60 

75 

75 


1 

o 

3 

3 

25 

60 

60 

so 

100 


25 

50 

50 

50 



15 

15 

15 


3 

5 

5 

5 

520 

990 

890 

1,310 

1,210 

65 

189 

150 

21S 

248 

15 

36 

46 

67 

71 

SO 

66 

79 

121 

185 

500 

1,294 

1,493 

2,209 

2,491 


* Ice cream miy as used in mahmg ice crenms in most institutions is a combination o£ 
whole milk powder, cream or butter fat, egg powder and gelatin (carbohydrate, 15 (3m , 
protein, 4 Gm fat, 14 Gm ) The mi\ is homogenized and has been more successfully used in 
making the formula than the milk and cream mixture formerly employed More normal stools 
result in cases in which it has been used Method of preparation Mix skim milk powder with 
water to make a smooth paste Add the remainder of the water specified for that particular 
formula, dextrose and ice cream mix Beat the eggs, add hahbut liver oil, and beat again 
Combine these mixtures, strain and add dissolved ascorbic acid and thiamin chloride Inai 
Mdual feedings should be warmed to body temperature in hot water before admimstering 


We have been using a foimula w'hich has a composition of 15 Gm 
of carbohydrates, 4 Gm of protein and 14 Gm of fat (see accompanying 
table) Most ice cream mixtures contain constituents in this proportion 
and are made up of whole milk powder, cream or butter fat, egg powder 
and gelatin The mix is homogenized and has been more successfully 
employed in making a formula for use in a jejunostomy tube than has a 
mixture of milk and cream formerly used, which occasionally produced 
some diarrhea More normal stools have resulted in cases m which the 
ice cream formula has been used To the mixture are added concentrates 
of vitamin K, ascorbic acid, halibut liver oil and thiamin chloride (see 
table) 


PREOPERATIVE AND POSTOPERATIVE TREATMENT 
OF PATIENTS WITH LESIONS OF THE SMALL 
INTESTINE AND OF THE COLON 


JOHN R PAINE, MD 

MINNEAPOLIS 


The lesions of the small intestine and of the colon which aie amenable 
to surgical treatment may be classified under three mam heads These 
(1)) mflammatoiy lesions, such as appendicitis, regional enteritis, 
diverticulitis and ulcerative colitis, (2) obstiuctive lesions, which may 
to taken to include the various pathologic types of obstruction, both 
Partial and complete and both simple and strangulated, and (3) neo- 
P asms not producing obstructive symptoms, such as adenocarcinomas, 
rosarcomas, carcinoids, leiomyomas and occasionally tymphoblastomas 
IS important to recognize some such classification as this in any 
general consideration of preopeiative and postoperative treatment, since 
1 principles of treatment indicated for all lesions falling in any of the 
^ ^ree classes is in many respects the same 

importance of preoperative and postoperative treatment 

IN LIGHT OF recent DEVELOPMENTS 
The results of recent investigation and research have placed an 
increased responsibility on the surgeon m his treatment of patients both 
We and after operation If the newer methods are understood and 
1 1 a intelligently the hope of improvement or cure by opeiation can 
0 3} be offered to more patients, with a greater degree of comfort and 
the^^^' before The outlook of the “poor iisk” who has been 

abl nialnutrition oi chronic loss of blood or both is consider- 

nnd yeais ago Postoperative nausea, vomiting 

ce ’®*^^otion can be prevented Peritonitis, while still of great con- 
n, las definitely lost some of its terroi s 


general CONDITION OF THE PATIENT 

^ been pointed out b}’’ McNeah, 

Rsioti^ ^ diets prescribed for patients v ith gastrointestinal 

free contain an abundance of Mtamins A and D but are 

■ — ^ d eficient in iitamms B and C At present, knowledge con- 

^roin tjic Department of Surgerj, UnnersiU of Minnesota Medical School 

SaTt,-,! ^ ^ ’ Gubler, J A, and Taft, E H Dietarj Deficiencies in 

Piticnts, Surgen 6 48, 1939 
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earning vitamin B deficiency is confused, and much of it is conflicting 
It IS known, howevei, from the work of Thompson, Ra-\dm and Fiank- 
that a deficiency m the entire vitamin B complex produces atony of the 
gastrointestinal tract and delay in gastric emptying Other signs of this 
deficiency are said to be anoiexia, diarrhea and hypochlorhydria or 
achlorhydiia In the presence of these symptoms considerable doubt 
exists as to which portions of the vitamin B complex are lacking 
Thiamin chloride (vitamin B^) and nicotinic acid, however, are thought 
to be important factors All patients m the surgical service of the 
University Hospitals who are suspected of having a vitamin B deficiency 
are given daily by oial administiation or intiamuscular injection 10 
grams (0 65 Gm ) of thiamin chloiide and 100 mg of nicotinic acid 
These substances given m excess pioduce no deleterious effects 

Vitamin C It has been knowm for mani’’ years that wounds in 
patients with scuivy heal slowly and imperfectly In 1926, Wolbach 
and Howe ^ show^ed that the histologic basis for the failuie of wounds to 
heal properly in the presence of a vitamin C deficiency lies in inability 
of the supporting tissues to pioduce and maintain noimal intei cellular 
substances Much confirmatoiy woik has been done That of Lanman 
and Ingalls * and that of Haivey and his collaboi ators ® are particularly 
significant The evidence is faiily conclusive that vitamin C deficiencj 
is an important factor m many cases of evisceiation, wound disruption 
and nonunion of intestinal suture lines Vei)’’ recently, Holman® has 
leported that the foimation of adequate fibrinous exudates in cases of 
peritonitis depends in part on an adequate supply of vitamin C The 
correction of vitamin C deficiencj'^ is, therefoi e, of gi eat importance for 
all abdominal operations 

Unlike any of the other vitamins, deficiency in vitamin C can be 
ascertained accurately by chemical deteimination of the quantity of 
ascorbic acid in the blood or m the uiine Since, how'ever, ascorbic 
acid is harmless in excess it may be given m cases of piobable 
vitamin C deficiency without determining the blood oi urinary levels 
At the University Hospitals it is customary to give 100 mg of ascorbic 

2 Thompson, W D , Ravdin, I S, and Frank, I L Effect of Hvpopro- 
teinemia on Wound Disruption, Arch Surg 36 500 (March) 1938 

3 Wolbach, S B , and Howe, P R Intercellular Substances in Experimental 
Scorbutus, Arch Path 1 1 (Jan ) 1926 

4 Lanman, T H , and Ingalls, T H Vitamin C Deficiency and Wound 
Healing Experimental and Clinical Study, Ann Surg 105 616, 1937 

5 Howes, E L , Harvey, S C, and Hewitt, C Rate of Fibroplasia an 
Differentiation in Healing of Cutaneous Wounds in Different Species of Anima s. 
Arch Surg 38 934 (May) 1939 Taffel, M , and Harvev, S C Effect of Abso- 
lute and Partial Vitamin C Deficiency on Healing of Wounds, Proc Soc Exper 
Biol & Med 38 518-525, 1938 

6 Holman, E Personal communication to the author 
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acid dail} b)' mouth or h} podermically to all patients in the suigical 
sen ice suspected of being deficient in Mtamin C Wolfei and Hoebel ” 
in a recent article ha\ e recommended that unless the blood level can be 
lolloved patients vith Mtamin C deficienc}'’ should be given 1 Gm of 
ascorbic acid daily for nine to ten days and then given a maintenance 
dose of 300 to 500 mg daily until all wounds are healed These doses are 
considerabl} largei than have been thought necessary heretofore 
Plasma P)oteins — The relation between abnormally low levels of 
protein in the blood plasma and the presence of tissue edema has been 
bnovn for a relatnely long time, but only recently have the investigations 
ofRaidin and his associates ® (among others) shovn the importance of 
tins relation to surgical treatment These authors have shown that the 
edema which begins when the level of blood proteins falls below' 7 5 Gm 
per hundred cubic centimeters involves the gastrointestinal tract as 
"ell as the subcutaneous tissues The gastric emptying time and the 
niotilit} of the intestine are both decreased Ravdin has been able to 
show that m many instances obstruction at the site of anastomosis after 
operation is on the basis of a low level of plasma proteins Other 


’niestigations at the same clinic and elsewhere indicate that many wound 
disruptions and cMsceiations may, in part at least, be dependent on 
poor healing of edematous tissues secondary to a deficiency ot proteins 
in the plasma Thus, tw'o important factors in the serious postoperative 
complication of wound dehiscence have recently been elucidated Mtamin 
C deficiency and a low level of plasma proteins 

Owing to restricted diet, anorexia, vomiting or fault} utilization 
0^ ingested protein, the patient with a gastrointestinal lesion fiequently 
presents himselt for operation with a definitely decreased concentration 
of plasma proteins In the case of such a patient the level of blood 
protein should be accuratelv determined by laboratory methods and 
i’le deficit corrected 


So far no satisfactory clinical method for administration of proteins 
C'r their breakdown products direct!} to the blood stream has been 
C' eloped Elman and Weiner® have recently reported their ability to 
’Maintain patients m positne nitrogen balance b} intra-venous injection 
'’'drohzed casein to which have been added small amounts of 
"■'ptopban and methionine At present, howe\er, such a procedure can- 
"ot be considered practical for the general surgeon Similar iin estigations 
"o\\ being pursued b} Ra^dln also gne hope for the future 


' ^^olItr T A and Hoebel, T C The Sipnificance oi Cc\itamic Acid 
Surgical Patients, Siirg, G%ncc 8. Obst 69 745 1939 
109 'T ^ ^ Recent Ad\anccs m Surgical TIicnpcti= s Ann Surg 

IPS'! Thompson, Ra\din and Frank - 
Elman R Weiner, D O Intra\cnous Alimentation v ith Special 

Rrotcin (Amino Acid) Metabolism TAMA 112 796 (Marcn 4) 
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The transfusion of whole blood oi of blood plasma will effectively 
and safely raise the level of blood proteins Since many patients with a 
low level of plasma proteins also have secondary anemia, the giving of 
whole blood is often doubly indicated Occasionally, however, after 
multiple transfusions hare been given the hemoglobin content of the 
blood IS found to be normal, while the protein content of the plasma 
is Still below the desired level of 7 5 Gm per hundred cubic centi- 
meters In such instances, in the surgical service of the University 
Hospitals a practice has been made of centrifuging citrated whole blood 
and injecting intravenously the plasma thus obtained At present all 
blood remaining in the blood bank for ten daj's is withdrawn and 
centrifuged The plasma is decanted off and bottled for future use 
The length of time for which this fluid may be preserved is dependent 
apparently only on maintenance of its sterility Plasma may be obtained 
lelatively easily with a minimum of equipment in this manner, and in 
mj'^ experience may be safely administered without regard to blood groups 
in amounts up to 500 cc at any one time Certain hospitals are fortunate 
m having available lyophilized seium or plasma The manufacture of 
this product requires such elaborate technic and expensive equipment, 
however, that its use must lemain restricted until it is made commercially 
available 

In the postopeiative period and particulaily if convalescence is pro- 
longed, maintenance of a normal level of blood protein is just as 
important as preoperative correction of any deficiency in this respect 
Surgeons must realize that the protein stores within the body available 
for production of blood proteins are not inexhaustible and that determina- 
tion of the level of blood protein will frequently give a clue to the 
proper treatment of unexpected and sometimes baffling complications 

AdmimsU ahon oj Fluids — ^The proper administration of fluids to 
patients with disease requiring operation has probably been more 
thoroughly investigated than any other phase of preoperative and post- 
operative treatment All surgeons should be familiar with the excellent 
contributions to this subject made by Coller and Maddock and their 
collaborators 

Since m health some 6,000 to 8,000 cc of fluid is secreted each 
twenty-four hours into the upper part of the gastrointestinal tract and 
reabsorbed in the ileum and colon, the surgeon must appreciate the 
significance and harmful effects of those conditions which interfere with 
this continual process if his patients are to be treated properly Failure 

10 (a) Coller, F A , Dick, V S , and Maddock, W G Maintenance of 
Normal Water Exchange with Intravenous Fluids, J A M A 107' 1522 (No\ ) 
1936 (&) Coller, F A , Bartlett, R M , Bingham, D L C , and Maddock, 

W G The Replacement of Sodium Chloride in Surgical Patients, Ann Surg 
108 769, 1938 
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to reabsorb these secretions stSe oHaypT- 

secretions through fistulas, either externa gastrointestinal 

gastrocolic fistula in which the absorptive poi 

tract IS “short circuited” )j produce a ec intestinal lesion 

chlorides and dehydration It is well, t ^ of alkalosis or 

exists and theie is reason to suspect eve g before operation 

dehydration, to determine the level of ^ood cWondes befoje^operat^ 

If any deficiency is found, it should be correc ^ been 

tion of saline solution If dehydration ^ ^ oent dextrose solu- 

accomphshed, more fluid, in the form of o P ^ ^ shown 

tion, should be given Coller and of body 

by clinical trial that 0 5 Gm of sodium P 

weight should be given for each 100 mg y w hundred 

chloride IS found to be below the normal level of 56U mg p 

cubic centimeters convenient to determine the level of 

Some surgeons may find it .emulating the administration 

blood chlorides An alternative method foi 

of paraoral fluids is available Chlorides are ^he 

are excreted by the kidneys in apprecia e Therefore, one 

body has retained all it requires ^ 

can be reasonably certain that a patient who Y ^ s j s urine 
3 Gm or more of chlorides (expressed as 

daily is in adequate sodium chloride balanc Q aonaratus 

"t urmary cwl.des can be made easdy «v.ih a m.n.mun » 

Tins IS the method employed m the surgica o£ patients 

Hospitals for the purpose of checktng the chlor.de bate ot^p^^^^ 

from day to day when fluids are given and satisfactory 

as well as Standard has found this me P , the initial 

for clinical use It seems preferable, however, status of the 

k\el of blood chloride in order properly to ^ associates and 

patient i\ hen treatment is begun As a wor ong . ^ 

I have found it feasible to give fairly routmely cc 

pb} siologic solution of sodium chloride m le m emng 

of 5 or 10 per cent dextrose lu distilled water - of tl^. 

T^hesc quantities aie varied from time to uidicates 

urman excietion of chloride expressed as 

/- A <;tndv of the Fluid and Sodium 

n Pninc, J R, md Armstrong, W G ^ Suction Applied to InduclI- 
CWoride Bahnce in Patients Treated with Gon i 
iig Buodeml Tubes, Surg, Gtucc &- Ohst , c.,,,?, T V 

12 ramus. B Fluid Post-Operam eh Statistical Studs, t 

(Teh A) 1936 , . su-tr '^u-cr C7 301 

T3 Standard, S Water and Salt >retabolism Interna 

in Surg, Gmicc S. Obst , October 
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Most smgeons now prefei subcutaneous oi intravenous administra- 
tion of fluids for patients who aie unable to imbibe them To avoid 
any danger of ovei loading the heart, with consequent pulmonary edema, 
a minimum rate of injection must be followed with patients to whom large 
amounts of fluids are given intravenously Winslow^* has shoun 
recently that although the majoi poition of the dextiose injected intra- 
venously m 5 or 10 pei cent solution is held by the bodj' whatever the 
late of the injection, for full utilization of the dextrose and for decreasing 
the diuietic effect of its injection to a minimum administration must be 
made at a lelatively slou rate These optional slow rates of injection, 
however, aie often difficult to achiere in a bus}’’ surgical ward and often 
pioduce considerable discomfort foi the patient by causing the arm to 
be immobilized in the extended position for several hours each day 
For these leasons, at the University Hospitals an increasing proportion 
of fluids administered by the paraoial route, especially those adminis- 
tered to patients watliin the oldei groups, is being given by hypo- 
dermoclysis 

Pioctoclysis has fallen from favoi Clinical obseivations have sho%vn 
that the amount of fluid w'hich can be absorbed in this w ay varies a great 
deal In ceitam instances, however, the use of this method is indicated 
iMy associates and I haA e confined oui use of it to the unusual case in 
which loss of fluid and electrolytes by gastroduodenal aspiration is 
immoderate oi prolonged In such ciicumstances it has been felt that 
It IS ivise to have the patient reabsoib by proctoclysis as much of this 
aspirated fluid as possible The thought in mind has been that such fluid 
may contain impoitant substances othei than sodium chloride which are 
difficult to lestore by aitificial means In favoi able cases 600 to 800 
cc of this fluid may be absoibed by the patient daily 

NEWER SURGICAL TECHNICS 

Foi years the suigeon’s hand has frequently been stayed by the fear 
of development of postopei ative peritonitis The major portion of the 
mortality following intestinal resections and the vaiious types of 
anastomoses can be directly related to this complication A^arious stage 
procedures, such as the Block-Mikuhcz operation foi colonic lesions, 
became standard because m laige measuies they decreased the danger of 
peritonitis 

The development of special instruments, such as the Rankin forceps 
and others built on the same principle, how^ever, has somewdiat changed 
the surgeon’s attitude Some clinics by the use of these neiver methods 
have been able to show a great improvement in mortality rates Especially 

14 Wmslow, S B Dextrose Utilization in Surgical Patients, Surgery 4 S67, 
1938 
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IS this so in the smgical tieatment of colonic lesions Slone (among 
others) has reported results fiom one stage lesections of the colon that 
are better than those frequentl)'’ obtained by the Bloch- IMikuhcz technic 

Increasing efforts are being made to develop these aseptic methods 
of anastomosis W angensteen has recently described a method which 
by the use of modified Martzloft clamps gives consistently good results 
from all types of gastrointestinal procedures The future should see 
growth in the popularity of these newei methods and an impiovement 
in the results obtained 

prophylaxis and treatment of postoperative peritonitis 

Substances Pi oduciug Leiikocyhc Reactions m the Pentoneal Cavity 

^As has been stated, peritonitis is by far the most fiequent cause of 
rleath after surgical procedures pei formed on the small intestine and 
hie colon Eftorts to remedy this situation have not been lacking, how- 
ler The vaccine developed by Baigin, although never accepted gen- 
erally as being of great value, was used enthusiastically in some clinics 
kankin,^' once an ardent advocate of this prophylactic measure, has 
recently withdiawu his approval of it Other methods and products, 
bow ever, have been developed to take its place In general, these methods 
r 11 attempt to produce increased leukocytosis within the peritoneal 
cavity Cohbactiagen, developed by Steinberg,^® has received the 
approval of several nationally known surgeons and is probably the best 
bnown of these products I have had no peisonal experience with 
cohbactragen, but I cannot help being impressed by the favoiable leports 
concerning its use which have appeared Rea has found experimentallv 

rabbits that a degree of protection against pentonitis is produced bv 
iiitraperitoneal injection of sodium ricmoleate The use of amniotic 
bind for the same puipose has been favorably reported on by Johnson 

15 Stone, H, and McLanahan S Surgical Aspects of Carcinoma of tlie 
kirge Bowel, J A U A 113 22S2 (Dec 23) 1939 

Wangensteen, O H Aseptic Gastric Resection A Method of Aseptic 
hnstoniosis Adaptable to An> Segment of the Alimentare Canal (Esophagus 
'Stomach, Small or Large Intestine) Including Prchminare Description of Sub- 
Excision of the Acid Secreting \rca for Llccr, Surg , Gmicc d Obst 70 
59. 1940 

17 Rankin, F W Resection oi Rccto-Signicid b\ Single or Grad..d Pro- 
cedures, Ann s„rg 104 62S, 1936 

5S Steinberg, B Experimental Background and Clinical \pplication 01 Eschc- 
nchia Coll and Gum Tragacanth Mixture (Coli-Bactragcnl m Preaenoon 01 
Ikntonitis, \ni T Chn Path G 2L3, 1936 

5*^ Rea, C E Personal communiLation to the author 

-0 Tohnson H L \mniotic 1 hud Concentrate a- an \cti\ atur 01 Pe’-itonnl 
I'Mminite Suis: Genee X Ohst 62 171 P*’ 1 
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Trusler and Warren Priestley and McCormack lia\ e expressed the 
opinion that immunotransfusions of serum are valuable for patients 
with pentomtis from a ruptured appendix 

Roentgen Iiiadmhon — Pratt has reported the beneficial effects of 
preoperative roentgen irradiation of the abdomen and pelvis in patients 
with carcinoma of the colon Peritonitis did not develop m any of a 
series of 51 patients thus treated Kelly and Dowell have also advo- 
cated irradiation of the abdomen in certain patients with peritonitis 
Their attention has been particularly directed tovard the treatment 
of peritonitis due to ruptuie of the inflamed appendix 

Snlfamlmmde — Peritonitis occuning after intestinal operations is 
usually a mixed infection, with various strains of streptococci and 
staphylococci and the colon bacillus forming the most important and 
toxic elements On the basis of present knowledge of the effects of 
sulfanilamide it might be lationally assumed that the effect of its adminis- 
tration would be uncertain and disappointing Recent investigations by 
three im estigators, however, have indicated that its administration is 
worth while Ravdm, Rhoads and Lockwood*® have stated that the 
mortality incident to peiitonitis associated wnth appendicitis is definitely 
decreased by large doses of sulfanilamide Garlock and Seley have 
reported the incidence of peritonitis after operations on the colon to be 
considerably decreased if sulfanilamide is given for three days before 
operation (with the blood level maintained at 5 to 6 mg per hundred 
cubic centimeters) and its administration continued into the immediate 
postoperatn e period Curreri has found with dogs that if sulfanil- 
amide IS given the mortality attending perforation of the intestinal 
tract IS appreciabl} decreased Although my owm experience is meager, it 

21 Trusler, H M Peritonitis An Experimental Study of Healing in the 
Peritoneum and the Therapeutic Effect of Ammotic Fluid Concentrate, Arch 
Surg 22 983 (June) 1931 

22 Warren, S The Effects of Amniotic Fluid on Serous Surfaces, Arch Path 
6 860 (Nov ) 1928 

23 Priestley, J T , and McCormack, C J Generali7ed Peritonitis Secondary 
to Rupture of Appendix, with Special Reference to Serum Therapy, Surg , Gynec 
& Obst 63 67S, 1936 

24 Pratt, J R One Stage Operation for Resection of Recto-Sigmcid and 
Rectum for Carcinoma (With or Without Hysterectomy), Am J Obst & Gynec 
36 209, 1938 

25 Kellj, J F, and Dowell, D A Roentgen Treament of Acute Peiitonitis 
and Infections with Mobile X-Ray Apparatus, Nebraska M J 24 164, 1939 

26 Ravdm, I S , Rhoads, J E , and Lockwood, T S The Use of Sulph- 
anilamide in the Treatment of Peritonitis Associated with Appendicitis, Ann 
Surg 111 S3, 1940 

27 Garlock, J H and Seley, G P The Use of Sulfanilamide in Surgery of 
the Colon and Rectum Preliminary Report, Surgery 5 787, 1939 

28 Curreri, A R Personal communication to the author 
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would seem, judging from the investigations mentioned as well as from 
a lew cases personally observed, that sulfanilamide must be considered 
a worth while addition^ to the present inadequate means of treatment of 
peritonitis 


general considerations of preoperative treatment 


The somewhat trite expression that patients should be brought to 
the operating room m the best possible condition should not lose any of 
Its importance through repetition In no branch of surgery is it more 
important to w eigh carefully all the circumstances m the case and think 
out each step of the treatment and of the opeiation beforehand than 
in surgical treatment of the gastrointestinal tract It is realized that 
in certain exigencies uncontrollable circumstances may prevent the use 
of certain recommended and otherwise desirable procedures The surgeon 
"ho accepts the responsibility for the care of the patient must be the 
judge of the methods to be employed and the effort to be expended in 
their application 


Conditions Requmng no Special Preopei ative Tieatment — Man) 
patients wath acute lesions of the intestinal tract, such as inflammations 
ot the vermiform appendix and Meckel’s diverticulum, require no 
pecial preoperative treatment Such patients have usually been in good 
wealth prior to the acute attack and require only the routine preoperative 
preparation indicated for any major surgical procedure If vomiting 
’as been severe or prolonged, attention should be paid to proper hydra- 
of the patient by means of saline solution administered intravenously 
Ur subcutaneously Before any general anesthetic is given the surgeon 
s louid assure himself that the patient’s stomach is empty This is easily 
accomplished m the usual case by omitting all solid foods for six hours 
ic ore operation and restricting ingestion of fluids during the immediate 
preoperatn e period Should any doubt exist as to whether the stomach 
empty at the time of operation, the question should be definitely 
buttled b) aspirating the stomach with a tube large enough to remo\e 
contents 

order to obviate the possibility of an mvoluntar) defecation during 
period of anesthesia and to insure an added degree of postoperatne 
eomiort, the lower part of the colon should be emptied b) administra- 
of a mildl) irritating enema In cases of acute appendicitis or in 
presence of inflammator) lesions m the colon the preoperatn e enema 
'"hould be omitted 

It IS essential of course, that patients be brought to the operating 
‘Gom adcquatel) sedated and that measures be taken to reduce the 
auction of mucus in the mouth the nasophar\n\ the trachea and 
bronchial tree during the period of anesthesia The time-tned 
iibinntioii of J,', gram (001 Gm ) ot morphine sulfate and gram 
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(0 4 mg) of ati opine sulfate given hypodermicall) thiity to forty-five 
minutes before the operation is begun is usually quite satisfactory The 
sedation can be mci eased to advantage m selected cases by administra- 
tion of 1 to 154 grams (0 06 to 009 Gin) of sodium pentobarbital 
forty-fii e minutes before the morphine and atropine are gn en Pantopon 
(a mixture of hydrochlorides of opium alkaloids) as a substitute for 
morphine is prefeired by many surgeons Certain piecautions should 
be heeded m administration of morphine to children and to elderlv or 
weak adults Childien are sensitive to moiphine and should be prepared 
for opeiation by the substitution of codeine sulfate in 1 gram (006 Gm ) 
doses 01 smallei, depending on the age and size of the child In old 
age also morphine is not a safe drug foi routine use in the usual ph} sio- 
logic dosage for preoperative preparation No one desires to begin an 
operation with the patient’s respiiations decreased to 8 01 10 a minute, 
a condition which mil occasionally occiu if J4 01 % gram (0015 or 
0 01 Gm ) doses of morphine sulfate are loutinel} used preoperatn ely 
foi debilitated elderh patients 

The use of %oo or ^100 gram (0 3 or 0 6 mg ) of scopolamine h} dro- 
bromide U S P m place of the usual giain (0 4 mg ) or Y\m gram 
(0 6 mg ') of atropine sulfate is fairly common Since this diug has an 
inhibitory effect on the nasopharyngeal secietions and at the same time 
IS a sedative, many prefer it I ha\e had no extensnc expenence mtli 
It 

Atropine sulfate is much bettei toleiated b} adults than bi intants 
and young children When used, it should be gn en m sufficiently large 
doses to produce its physiologic effect The aveiage adult dose of 
Mjo or Yxoo gram is usually w'ell tolerated Doses of the magnitude 
of Ymo gram (0 1 mg ) 01 gram (0 2 mg ), however, occasionally 
produce atropine leactions m the young, wuth flushing of the face, 
elevated temperature and rapid pulse If such a leaction occurs, it is 
best, unless the operation is urgently indicated, to postpone all surgical 
treatment for a few hours or even until the next day m order that the 
reaction to the drug may subside 

Co'iidit'ioiis in Which Pieopciative Ticotiucnt Mctv Be Jiidicctcd 
but in Which the Necessity of 0 pei otion Is Pni ciiuount — Ceitaui con- 
ditions of the small intestine and of the colon necessitate operation as 
soon as the diagnosis is made despite obvious indications for various 
pieoperatne procedures Such lesions include pertorations, seveie acute 
bleeding, strangulation obstruction and simple obstuiction ot the large 
bowel 

Despite the urgency foi operation, no patient m shock or collapse 
should be subjected to a suigical procedure Any patient with an 
intestinal lesion will be a much better surgical risk if time is taken befoie 
operation to combat adequately any shock which mav be present with 
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large blood transfusions (or administration of physiologic solution of 
sodium chloride if the collapse is due to hypochloremia) In many 
instances the administration of blood or saline solution can be continued 
Midi benefit during the operation Other features of treatment, such as 
external application of heat and administration of morphine, may be 
of value, but the chief reliance should be placed in administration of 
whole blood combined with use of the Trendelenburg position If the 
shock is not too severe, merely placing the patient in the Trendelenburg 
position will frequently raise the systolic blood pressure 20 to 25 milli- 
meters of mercury and maintain it above the critical level until an 
3mple amount of blood can be given During the past ten years m 
the surgical service of the Universit)'- Hospitals it has been the practice 
m an emergency to give any patient group 4 (0) blood without matching 
or cross matching No reactions have occurred which have caused my 
associates and me to regret this practice 

Gastroduodenal aspiration should be instituted as soon as possible 
to empty the upper reaches of the gastrointestinal tract and prevent 
the development of distention This should be continued during and 
after operation 

In cases of this kind preopeiative medication can be given, but the 
Pteoperatne enema is hardly indicated 

Conditions Which Aic Gieatly Benefited by Intelhgently Dvected 
P>eopeiatwe Tieatment — Patients with diseases in this class have 


ttsuallv had their lesions some time and sutler from the chronic effects 
of nutritional disturbances, combined with recurrent bleeding or partial 
obstruction Conditions responsible for these chionic effects include 
m various causes of partial obstruction, such as congenital malposi- 
^’oii of the intestines, various tumors of the bowel (such as polyps and 
oarcmomas), gastrocolic fistulas, nonmalignant strictures, regional 
ontcritis and ulcerativ^e colitis The initial effort of the surgeon in the 
Kcsence of this type of condition should be the making of an accurate 
'gnosis Immediate operation is not indicated, and sufficient time 
men ^ to cai ry out a comprehensive plan of preoperative treat- 

^ \ itamm deficiencies should be coi rected b} administration of 

IranTf”^ ® C Anemia should be corrected b} repeated blood 
cen^ ^”til the hemoglobin level has been raised to 75 or SO per 
low operation If the level of serum proteins remains 

r.n ^ ^ntisfactorv hemoglobin value has been attained, additional 
m s should be giv cn as transfusions of plasma The use of gastro- 
'Wth '^^P'nation to relieve the distention and svmptoms associated 
u h obstuiction IS frequentlv indicated Usuailv the simpT 

desc ribed bv \\ aiigcnstecn is sufficient but in sclectca cast> 
^ W', 

V O H The Tlicnpcutic Probleu in Bowc' Oh-irnc! ■ i 

‘C d II! Gnries C Tiionn* Publi-!icr, 
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the use of the Miller-Abbott tube by the method described b} Abbott 
and Johnston^® frequently is helpful Certain obscure lesions of the 
small intestine can occasionally be accurately diagnosed by the use 
of this tube and roentgen examination that might otherwise be missed 
The fluid balance of the patient should be determined accurately and 
corrected as has been described The operative procedure itself is, 
within certain limits, an elective procedure and should be undertaken 
only when the suigeon is convinced that the general condition of the 
patient cannot be further improved 

Other features of preopeiative treatment previously discussed, such 
as preoperative medication, enemas and omission of food for some hours 
before operation, apply with equal force to this class of patient 

GENERAL CONSIDERATIONS OF POSTOPERATIVE TREATMENT 

The chief aims of postoperati\e tieatment should be to secure ade- 
quate rest and comfort for the patient o\er a sufficient period to insure 
that healing takes place at the site of operation and to prevent as fai 
as possible pulmonary complications and venous thrombosis 

Dccompiesston — Gastroduodenal Aspiration Probably the most 
important element in the postoperative tieatment of patients subjected 
to operations on the small intestine and the colon is continuous gastro- 
duodenal aspiration In my opinion this procedure secures the greatest 
degree of rest, both physical and physiologic, for the gastiointestinal 
tract that can be obtained 

So-called paralytic (adynamic) ileus occuis to some extent after 
any operation of magnitude within the abdomen After operations 
during which the bowel and its mesentery must of necessit} be more 
01 less manipulated and traumatized, the moie severe degrees of this 
condition occur The stomach and intestine become distended with 
gas, derived principall)'- from swallowed air but appreciably augmented 
by fermentative processes and by diffusion from the blood Another 
important factor contributing to this distention is the relatively large 
quantity of fluid poured into the upper reaches of the gastrointestinal 
tract by the digestive glands 

This distention is best prevented or controlled by means of constant 
mild suction applied to an indwelling duodenal tube The details and 
technic of this procedure have been fully described elsewhere Man} 
variations of the original apparatus described by Wangensteen and 
Paine have appeared, but any apparatus which maintains a constant 

30 Abbott, W 0 , and Johnston, C G Intubation Studies of the Human 
Small Intestine, Surg, Gynec & Obst 6G 691, 1938 

31 Wangensteen, O H , and Paine, J R Nasal Catheter Suction Siphonage 
Its Uses and the Technic of Its Employment, Minnesota Med 16 96, 1933 
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negati\e pressure of 70 to 100 cc of water and which allows the quantity 
of aspirated fluid to be measured should be satisfactory 

Two purposes are served by aspiration The first is the removal 
as far as possible of the gaseous and fluid contents of a digestive tract 
which IS unable to transpoit and dispose of them m a noimal manner 
The second is the prevention as far as possible of any fuithei accumu- 
lation of gas and fluid in an already distended digestive tiact 

It has been adequately shown by Mclver and his associates as 
well as by Hibbard that 70 to 80 per cent of the gases found in 
the intestinal tract are deiived from swallowed air Any method, there- 
fore, such as gastroduodenal aspiration, which lemoves swallowed air 
as rapidly as it gams entrance to the stomach will effectively prevent 
to a great extent any distention that may already be present from 
becoming greater If, therefore, aspiration is begun before distention 
appears it is usually satisfactory to permit the distal end of the duodenal 
tube to remain in the stomach In such cases, although the duodenum 
■s frequently intubated incidentally, no seiious effort is made to 
lutiibate It 

If the tip of the suction tube remains m the stomach the effect of 
aspiration on the contents of an already distended small bowel is some- 
what doubtful Considerable quantities of fluid and gas may be removed 
from the lower reaches of the intestine if the pyloius is lelaxed or if 
regurgitation into the stomach occurs regulaily This cannot be 
depended on, however In any case, therefore, m which considerable 
^^'stention is already piesent a consistent effort should be made to cause 
w tip of the tube to pass be 3 'ond the pyloric sphincter 
Incidental to the mam purpose of continuous aspiiation b}'' the 
9enal tube but important m their own right are additional advantages 
"bich accrue from this procedure Suture lines m the intestinal walls 
‘■^re protected from possible disruption by an increased intraluminal 
pressure, and the incidence of obstruction from adhesions m the imme- 
postoperative period IS greatl} decreased 
^ IS our practice to begin suction on each patient subjected to major 
to operations except simple appendectom) before the patient goes 
0 'he operating room, since experience has shown that b) this means 
PO'toperatn e nausea, vomiting and distention can consistenth be pre- 
ented Suction is thus maintained during operation and for seeeral 
thereafter Patients are allowed to take b} mouth up to 2 000 cc 
flui ds dailj during this period At least once each tuent\-four 

D M ^ , Benedict, E B , and Cline T Post-Operatne Giseou'i 

Intestine Expenmental and Clinicil Stud\, ^rch Surp 13 

^(Oct ) 1926 

. Ib'jbard, J S Gaseous Distention -^ssoented uith \fcc! inical Obsf-i c- 
ll’e Intestine, Arch Surg 33 146 tTuM 1^56 
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hours the quantities of fluid and gas aspirated aie noted Particular 
attention is paid to the quantity of aspirated fluid, for this must be 
returned to the patient or compensated for by administration of saline 
solution as described in the section on fluid administration 

The exact time at which suction should be discontinued depends 
in general on the degiee and duration of the ileus as well as on other 
considerations which may be pi esent in the individual case The average 
patient requires suction for four to six days after operation Before 
finally removing the suction tube it is always well to test the patient’s 
ability to be comfortable without it by clamping the tube for a tune, 
during which the patient is allowed to take a moderate amount of oral 
fluid If the patient can toleiate the suction tubes clamped for six to 
eight hours and imbibe during this time three to four glasses of water 
or other fluid without the appearance of distention, nausea or vomiting, 
the duodenal tube may be removed without fear that it may have to be 
lemseited and suction lenewed after a short time 

Especially, m ceitain instances m which an obstiuction exists which 
the suigeon has leason to believe will be temporal y it may be desirable 
to maintain suction for a relatively long time Under these ciicum- 
stances maintenance of the nutrition of the patient becomes a serious 
matter It has been found satisfactory m these cases to clamp the 
suction tube for intervals of one to two houis several times a day 
Duiing these intervals nourishing liquids are given by mouth or injected 
through the tube Some poition of this fluid will be retained by the 
patient 

The development of the Millei -Abbott double lumen tube has 
increased the possibilities of postoperative treatment of patients with 
intestinal lesions Decompression of the entire gastrointestinal tract 
down as far as the cecum can be carried out more quickly and efficiently 
than is possible with the method of Wangensteen The use of this 
type of tube, however, will probably remain limited to the unusual case 
m which the simplei apparatus and technic of Wangensteen prove 
satisfactory Expeiience has shown that decompi ession of a greatly 
distended small bowel m the presence of peritonitis when peristaltic 
movements are minimal is sometimes fai from satisfactory when the 
simple duodenal tube is used In such cases, perhaps, it is best to use 
the Miller-Abbott tube, for it is reported that if this tube can be made 
to pass the pylorus and its balloon inflated the intestine can be “nego- 
tiated” fairly effectively As has been emphasized, however, this 
situation should rarely occur if patients aie properly treated postopera- 
tively and suction is begun before distention becomes gieat 

34 Johnston, C G , Penberthy, G C , Noer, R J , and Kenning, J ^ 
Decompression of the Small Intestine in the Treatment of Intestinal Obstruction, 
TAMA 111 1365 (Oct 8) 1938 
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High Oxygen Coiiccitt)alw}i^ ju Raptud .hi — Sint;tons li.uc now 
at their coniinand an additional inctliod to combat tlic g.ibtoiib distention 
associated \Mlh paiahtic ileus ]«'inc and Ins co-woiKcis ha\c pointed 
out and pro\cd b\ clinical trial the dccompicssinqf cllccl of bicathing 
high concentrations of oNjgen foi itlalncK lone;- peiiods Since 55 
to 60 per cent of the inteslin.il gases aic niliogcn, it is ])ossible to 
renioic this as ^\cll as otlici poitions of the gases b\ diftnsion if the 
patient is made to bicathe an atinosjdicie in winch the paitial picssuie 
ot these gases is maintained at a lowci 1l\c1 1 Ins can be accomplished 

It the patient is supplied with an owgcn conccntiation of o\ci 85 pet 
cent for his respiiatoi\ needs I ha\c used this method successfully 


on nutneious occasions It is pailiculaih \aluablc when used in con- 
junction with gastioduodcnal aspnation in the ticatment of paialytic 
ileus when well dc\elopcd distention must be combated 

The chief difficulty of the method arises in the technical details of 
Its application The generally used oxjgcn lent is not salisfactoij , 
because o\ 3 gen concentiations of o\er 60 per cent cannot be economically 
uiaintained Fine has used a modified tent with success In mj c\peri- 
the Lo\ elace-Boothby mask is admiiabh suited foi the pin pose 
igh oxygen concentrations can be maintained wnth a iclatnely small 
c\penditure of oxygen, and aspiration by means of a duodenal tube can 
2 carried on simulianeousl) One objection can be laised, howevei, 
to this method of supplying oxygen >»ot infiequenlly patients com- 
P^in of the discomfort produced by the piessmc of the mask on the 
tace W'hen it is worn for seveial days at a time 

^t w^ould seem best to consider the bieathmg of high oxygen con- 
centrations only as an adjunct to gastroduodenal aspnation in the treat- 
”icnt of distention While it may adequately remove gas from or 
P^^'ent its accumulation m the gastro-intestmal tract, it does nothing 
^ecifically to the other important factor of distention, namely, fluid 
perience has shown that postopeiative nausea and vomiting dis- 
appear only when the stomach is kept empty of both fluid and gas 
Di tigs — Drugs, such as prostigmine, physostigmine, acetylbeta- 
^diylcholine hydrochloride (mecholyl), solution of posterioi pituitary 
Pitressin, have frequently been recommended for use in the post- 
period because of their effect on the motor functions of the 
^ It has been claimed that they hasten the return of normal 
alsis and the expulsion of feces and gas, at the same time decreas- 
the ^ *^i®comfort of gas pains Such drugs should find little place in 
_____£estoperative phase of surgical therapy of the intestine if appropriate 

01 G ^ B M , Sears, J B , and Hermanson, L The Treatment 

Distention of the Intestine by Inhalation of Ninety-Five Per Cent 
sen, Ann Surg 103 375, 1936 
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measures are taken to insiue against the development of distention 

which ineTitablv fnlln i j “'asiire the pain and discomfort 

stiifa ; r“m r ’’ X"'”' M“ 1 >I..ne 

nsually elpXd for ti.c " =“= ”«=*4 >= 

average adS patient WofT ““ hospitals for the 

of the acute pam wil! have hours after operation most 

decreased or the drug oirnmd ' ’ 

analglsm dXT fn“ =‘=‘1“^““ '^d'’ *e vanoas 

of eS catTI!X '0 fi‘ "'0 circumstances 

leact untowardly to niaiiv'of^tl"""'d”*'°'’ Some patients 

or vomiting In such drugs with urticaria, itching, nausea 

may be taxed to the T knowledge and skill of the surgeon 

largrrb™cliitt'm!‘’«~'''‘‘°*'= “P"-"*™" P* “<1 «■' 

by Haight is a n tf ri"^ postoperative period, as suggested 

A urethti cXXtaXt”^'” 

large syrinee ic ,? i. ° ^ suction machine, or, lacking this, a 
mucus which \uay hive collected T 

value for the nrnnUa 1 “^^ected there is aspirated This is of great 
will require asoirat ° atelectasis and pneumonia Not every patient 
procedure carried u abundant mucus this 

large amCr:? CeS ^ ^ 

patient’s coughing and the H the necessity for the 

are largely eliminated ^^^npting strains on the abdominal wound 

be thoroughly asolralplf the pharynx and trachea should 

pi eduction of mue h ^ i!*^ anesthetist In those instances in winch 
especially after nrrvi,^^ j ^ excessive during the operation and 

It IS best to do due: "7 m the upper part of the abdomen, 

the patient leaves thro^Iratingllbi^ ^ bronchoscope before 

Pulmonarj Cotnnhratin Suction in the Management of Postoperative 

mpncations Ann Surg 107 218 1938 
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Use of T7 cndclcnbw g Position — Aftci a piolongcci operation ^^llh 
deep anesthesia, much is to be gamed by keeping tbe patient aftei his 
return to bed in a "steep Tiendelenbuig” position foi twelve to twent)- 
tour hours or at least until he has full} ieco\ered fiom the anesthesia 
and from an} postopeiatn e shock ^\hlch ma} occui This position insures 
good drainage of the bronchial secietions duiing the time when the 
cough reflex is diminished and guards against atelectasis 

The favorable effect of the Trendelenburg position on the low blood 
pressure of a patient m shock has been mentioned 

Tieatment of Shock — Surgical shock after iDrolonged and difficult 
operations on the small intestine oi the colon occurs not infrequently 
After retuining to his bed, any patient whose systolic blood pressuie 
remains at 90 mm of mercury or lower after he has been placed in the 
Trendelenburg position should be considered to be in shock Only one 
satisfactory treatment for this condition exists, and that is adequate 
blood transfusion An adequate transfusion means administration of 
a sufficient quantity of blood to maintain the systolic blood pressure 
at a satisfactory level, whether this is 500 or 1,500 cc 

Active Movements by the Patient — Aftei the patient’s bed has been 
returned to the horizontal position, he should be turned from side to 
side every hour until the pain of the incision has subsided sufficiently 
to permit active movement on the part of the patient himself From 
the beginning of the postoperative period patients should be encouraged 
to move their arms and legs actively and frequently Such movements 
"ith their attendant increase in the flow of blood in the veins are the 
best piotection obtainable against the development of thrombophlebitis 
Coughing should be encouraged if mucus in the nasophar}nx is at all 
tioublesome, but only when the abdomen and the lower ribs on each side 
sre held m by the hands of a nurse or attendant, so that too great a 
strain is not placed on the sutures of the abdominal wound 

Use of Oxygen for Eldeily Patients — Surgical procedures performed 
on elderly patients seem to be better tolerated if the patient is kept in an 
O'-ygen tent with an atmosphere containing 50 to 60 per cent oxygen 
'Cl treatment insures an increased amount of oxygen available to a 
P'obably weakened myocardium and to a brain wdiich is possibly the 
seat of arteriosclerosis during a period in which the blood pressure tends 
to be below normal 

Admmisti ation of Fluids — Since patients wdio haA^e undergone 
involving the intestinal tract must be “carried” for a 
_ (four to SIX days) before returning to an adequate 
diet, proper administration of paraoral fluids becomes a major part 
t le postoperative treatment Removal of large quantities of gastro- 
^ uo enal secretions by suction through a duodenal tube or loss of fluids 
^dgli fistulas occasionally complicates the situation further 


•=«‘gicai procedures 
'■datively long time 
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The surgeon is piesented ivitli two problems (1) supply of a 
sufficient amount of w^atei to the patient to maintain an adequate output 
of urine and (2) administration of a sufficient amount of sodium chloride 
to leplace that lost from the body in perspiration and in abnormal losses 
of fluid In addition, a veiy small amount of sodium chloride is required 
to supply the normal metabolic demands of the body Administration of 
excessive amounts of saline solutions, howe\er, must be guaided against 
m order to prevent edema 

The proper technic for the admmistiation of fluids has been brieflv 
discussed elsewffiere in the paper 

Diet and Enemas — In most instances patients may be allowed food 
by mouth as soon as gasti oduodenal aspiration is discontinued It is 
a wise plan to restrict the diet to liquids for the first twent)-four hours 
aftei removal of the duodenal tube, bow'ever, to be sure that the gastro- 
intestinal tract wall tolerate food If this is so the diet can be increased 
lapidly No bow^el movement is necessarj'' oi should be expected until 
twm or three da}s after the patient has resumed a fairl} general diet 
Enemas may be given as indicated, but if 1 ounce (30 cc ) of liquid 
petrolatum is given once oi twnce a day as soon as the patient begins to 
eat the occasions for then use wall be largely eliminated 

SPECIA,L POINTS TO EE OBSERVED IN THE TREATMENT OF 
PATIENIS WITH INFLAMMATORY LESIONS 

Appendicitis — Certainl} any inflamed, unruptured appendix should 
be removed as an emergency procedure After rupture has occurred, 
how^ever, and peritonitis has developed, the surgeon must pause and 
weigh the benefits to be obtained by opeiation against the harmful 
effects which his interference ma} pi oduce The policy followed 
in the surgical service at the University Hospitals is firmly fixed 
When the surgeon is convinced that the appendix is ruptuied a con- 
seivative regimen is followed Gasti oduodenal aspiration is instituted, 
and paraoral fluids given mtraienousty oi subcutaneously Sulfanil- 
amide IS given in relatively large doses, 90 grains (5 8 Gm ) n day 
If an abscess forms it is observed for a time and drained if necessarv 
Appendectomy in such cases is carried out later, after the acute phase 
of the infection has subsided The results of this form of treatment, 
used over a six year period, have been satisfactoiy 

Inflammation of Meckel’s Divei ticiiliim — The same general plnn of 
treatment used for patients with appendicitis is emplo)^ed in instances 
of inflammations of Meckel’s diverticulum 

Regional Ileitis — If a definite diagnosis of regional ileitis is made an 
unusual amount of care should be exercised in choosing the method o 
treatment The patient not infrequently has moderate anemia and suffers 
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from nutritional clislui banccs A peiiod of pi eopci alive tieatmenl will 
inipro\c the geneial condition No operation should be attempted during 
an acute phase of the disease Dining a peiiod ol quiescence the 
abdomen nuv be exploied and a shoil-cn culling anastomosis peifoimqd 
Some weeks later the invohed poition of bowel should be excised The 
dangei ot peritonitis is ahva\ s pi csent, and pi opci pi ophylactic mcasui es 
are indicated Continuous gasti oduodenal aspnation should be an 
essential part of the postopeiatue ticatment 

Ulcctahve Colitts — The most impoitant point in suigical tieatment 
ot this condition is the decision as to the time to opeiate Patients should 
be treated conseivativel} with a medical legnnen until a legression has 
occurred and the general condition has iinpioied Aftei adequate trans- 
fusions and restoiation of the noiinal fluid balance and level of plasma 
protein a complete deviation of the fecal stieain should be obtained 
b}' ileostoinj Peritonitis is an cvci piesent danger in this condition 
and should be caiefully guaided against The usual methods of post- 
operatne tieatment, including blood tiansfusions foi shock, gasti o- 
duodenal aspiration and administiation of paiaoial fluids, should be 
employed 

Dwa ticiiUfis of the Colon — This condition may not lequiie opeia- 
tion In the acute phase, if continuous gasti oduodenal aspiration is 
instituted and sulfanilamide given, the infection in many cases will 
subside and the patient will do w'ell if low lesidue diets supplemented 
"ith liquid petrolatum are given When these measures prove ineffective 
the fecal stream should be completel}'- deviated by a colostomy proximal 
to the site of inflammation If gastroduodenal aspiration is continued 
sfter operation, one need be in no pai ticular hurry to open the colostomy 
"ound This can be done aftei three oi four days, when danger of 
peritonitis at the opeiative site has passed Any accumulation of gas 

the colon which appears during this period can be aspirated through 
the unopened bow^el at the site of colostomy with a needle and a syringe 

'5PnciAL POINTS TO BE OBSERVED IN THE TREATMENT OE 
patients WITH OBSTRUCTIVE LESIONS 

Continuous gastroduodenal aspnation is indispensable in the tieat- 
’iient of all patients with intestinal obstruction It is important to realize, 
’owever, that this method alone, wuthout an accompanying surgical 
operation, should never be used in cases of strangulation obstiuction or 
^'^ute simple obstruction of the large bowel These types of ileus alwa}s 
cniand immediate surgical intervention as soon as any shock which is 
Present can be treated wnth blood transfusions Aspiration of the stomach 
'*»d duodenum will never relieve the obstruction to venous return in 
‘■''‘'^es of sti angulation noi can it be depended on to decrease distention 
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due to an obstructed colon In most instances the ileocecal Aalve pre- 
vents retrograde passage of gas and fecal material from the large intestine 

Partial or complete simple mechanical obstiuction can be controlled 
adequately and lelents frequently (unless due to a lesion intrinsic in the 
intestinal wall, such as a stricture or a tumor) after thirty-six to forty- 
eight hours of aspiration Patients with obstruction in whom decompres- 
sion by aspiration cannot be accomplished within forty-eight hours or in 
whom distention recuis alter decompression should be operated on 
Much will have been gained howevei by this preoperative period of 
aspiration The iisk associated with the necessaiy operation will be 
much less if this period is mtelligentl}'- used to prepare the patient 
adequately m ways indicated elsewhere m this communication Particular 
attention should be paid to the correction of dehydration, alkalosis and 
h} pochloremia 

In order to insure as eftectual a decompression as possible in an} 
case of intestinal obstruction, caie should be taken to pass the tip of the 
duodenal tube beyond the pyloric sphinctei Many cases come to mind 
m w Inch decompression was disheaitemngly slow' until the duodenum w’as 
intubated In other cases conserr'ative decompi ession had to be given 
up and operation performed owmig to inability to pass the tube beyond 
the stomach In certain of these difficult cases the use of the Miller- 
Abbott tube is indicated 

In the piesence of obstruction the choice of operation is important 
When strangulation is present the mfaicted segment must, of course 
be eithei exteiioiized or resected When possible extei loi ization is 
perhaps the better choice, but in ceitain instances m which the obstruc- 
tion IS high, resection and anastomosis are impeiative In cases of 
simple obstruction, if decompi ession cannot be accomplished preopeia- 
tnely no attempt should initially be made to lemove the obstiuction 
per se Rather, a decompressive type of opeiation, such as an 
enterostomy or a colostomy, should be perfoimed fiist, and the obstiuc- 
tion, if it still persists, removed at a second operation Expeiience 
has showm that postoperative peritonitis occurring in the piesence of 
obstruction is almost invariably fatal, so that any operation pei formed 
must be aseptic 

NEOPLASMS 

Tumors of the small intestine and of the colon should usually be 
resected if possible The treatment of these lesions, inasmuch as the) 
frequently produce obstruction, has been already touched on m the 
preceding paragraphs Anemia from recuirent bleeding must fiequently 
be treated before removal is considered Primary resection with 
anastomosis has always been the operation of choice foi nonobstructing 
tumors of the small bowel and remains so today The attitude of surgeons 
concerning similar lesions m the colon, how'ever, is changing Because 
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ot the increased danger of postoperatn e pei itonitis and because colostomy 
i\as found to be so much bcttei toleiated than ileostom)^ oi jejunostom}^, 
stage procedures, sucli as the Bloch-MiLuhcz operation, long enjoyed 
the -well justified appro\al ot most surgeons The newei developments, 
of relatively aseptic methods of lesection and eftcctive means to decrease 
the incidence of postoperatn e peritonitis, have leccntly brought about 
an increasing tendency to employ the method of primat}^ lesection 
B} far the most important phase of the postopeiatne treatment 
of these lesions is the use of continuous gastroduodenal aspiiation foi a 
sufficient period (five to six days) to insure adequate healing of the 
anastomotic suture lines 


SUJIMARV 


Surgical lesions of the small intestine and of the colon may be classi- 
fied under three heads (1) inflammatorj lesions, (2) obstructive lesions 
^J’d (3) neoplasms not producing obstruction Recent developments 
have impro\ed uith the preoperative and postopeiative tieatment of 
the patient These de^ elopments include ( 1 ) realization of the importance 
of vitamin B and Mtamm C deficiencies, (2) knowledge concerning the 
deleterious effects of a low level of plasma proteins, (3) administration 
of fluids on the basis of physiologic requirements, (4) new surgical 
technics and (5) use of effective measures foi prophylaxis and tieatment 
of peritonitis 


The preoperative treatment of various types of lesions is biiefly dis- 
cussed Certain general considerations of postoperative tieatment are 
discussed These include (1) decompression by (a) gastroduodenal 
aspiration, (b) high oxygen concentration in respired air and (c) use 
ot drugs, (2) use of narcotics, (3) tracheal aspiration, (4) use of 
the Trendelenburg position, (5) treatment of postoperative shock, (6) 
active movements by the patient , (7) use of oxygen for elderly patients , 
(8) administration of fluids, and (9) diet and enemas 

Special points observed m the treatment of patients with inflammatory 
ksions. With obstructive lesions and with neoplasms are discussed 
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Careful prepaiation of the patient who is a poor surgical risk has 
gieatly reduced the morbidity and mortality following surgical opera- 
tions In no field of suigeiy has this been more definitely proied than 
in the treatment of obstruction of the common bile duct and of seiious 
hepatic injury The histologic picture of the liver m these conditions 
often IS one of extensive hepatitis, fibrous tissue replacement, parenchymal 
degeneration and fatty infiltiation Prior to opeiation, tests of hepatic 
function may give little or no indication of the degree of injury to the 
liver paienchyma However, subsequent to the tiauma of operation and 
anesthesia, hepatic insufficiency of such degiee as to jeopardize the life 
of the patient may become evident Extensive damage to the liver may 
be present before it is detectable by the tests now available For tins 
leason it is safe to assume that damage to the Iner is present m all 
patients seriously ill with disease of the biliaiy tract, and every effort 
should be made to prepare the patient m a manner which will minimize 
the chances of hepatic incompetence subsequent to operation 

Since the work of Opie and Alford,^ Schreiber," and Davis Hal! 
and Whipple,® a high carbohydrate diet or dextrose administered intra- 
venously has been used m the preopeiative pieparation of jaundiced 
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patients Ciile and Higgins ' Walteis,"’ Ra\din " and man} otheis have 
reported on the beneficial eflects winch follow this type of therapy 
A.S the result of much of this work it has been generally accepted that 
the presence of large amounts of glycogen in the liver in some manner 
oilers protection to this viscus against a \atiety of hepatotoxic agents 
Evidence w Inch Goldschmidt, V'ai s and Ravdm ' have i ecently 
published leads one to question the complete validity of the concept that 
the mere presence of gl} cogen m the In ci acts to pi otect the oigan against 
injur} b} rolatile anesthetics While these authois have not suggested 
that the carbohydiate which is fed pait of winch is deposited m the liver 
as glycogen, is of no \alue to the subject, they have implied that the 
gl}cogeii in the liver, in so fai as it indicates a pierioiis adequate carho- 
Iqdrate intake, exerts its influence by its eflect on the metabolism of 
other foodstufts m the body These authors found that rats wdnch had 
been on a low' protein diet and in wdnch the hpid content of the liver was 
high were maximally susceptible to injury by chloroform, w'hile rats 
fed an adequate amount of protein in the diet, w'lth livers low in lipid 
content, w'ere maximally piotected against injury These investigations 
hare recentl} been confirmed in experiments on the dog by Miller and 
hippie s 

The presence of a large amount of fat in the liver w'ould, as Wells " 
suggested, result m retention of a laige amount of the hpid-soluble 
hepatotoxic agent m the liver, and a longei time would be required for 
desaturation Goldschmidt, Vars and Ravdm found that a high protein 
diet ingested for some days prior to anesthetization to a degiee protected 
the liver from necrosis even though the glycogen concentration of the 
'^'cr was low and the fat concentration high An adequate diet prior 
to anesthesi a and operation for patients with disease of the biliaiy tract, 

4 Crile, G W, and Higgins, C C Prevention and Treatment of Post- 
Complications m Abdominal Surgery, J A M A 89 1738 (Nov 19) 

la j W Physiologic Considerations in the Treatment of Obstructive 

k’ ^ ^ 2153 (Dec 25) 1926 

D 31'din, I S Some Aspects of Carbohydrate Metabolism in Hepatic 

J A M A 93 1193 (Oct 19) 1929 

the F S , Vars, H M , and Ravdm, I S (a) The Influence of 

tne upon the Susceptibility of the Liver to Injury by Chloroform, and 

(j,) Mechanism of Their Action, J Chn Investigation 18 277, 1939, 

biier ^'°^'Specificity of Suspensions of Sodium Xanthine in Protecting the 

18 Ml Injury by Chloroform and the Probable Cause of Its Action, ibid 

° oj3, 1939 

Protej E L , and Whipple, G H Chloroform Liver Injury Increases as 

9 W* Decrease, Am J M Sc 199 204, 1940 
Coinpa ^ ^ ^ Chemical Pathology, ed 5, Philadelphia, W B Saunders 

481, Delayed Chloroform Poisoning and Allied Con- 
J i -If . ^e>te on the Cause of the Anatomic and Clinical Changes Obsened, 

^ M A 4G 341 (Feb 3) 1906 
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therefore, becomes a matter of considerable importance That a diet 
high in carbohydrate offers piotection against the necrosis resulting 
from chloroform anesthesia while a diet high in fat increases the suscepti- 
bility of the liver to chloroform has been repeatedly confirmed since 
the original studies of Opie and Alford ^ 

Diets high m protein have been consideied inferioi to or at best 
equal to a carbohydrate diet in protective value Starvation increases 
the susceptibility of the hepatic cells to injury bj'’ chloroform equal to 
or exceeding that caused by a previous high fat diet 

The beneficial effect of a high carbohydrate diet m preventing injury 
to the liver following the use of chloioform can best be explained, m the 
opinion of Goldschmidt, Vars and Ravdin,"“ by the fact that when such a 
diet IS administered, fat, if it is present m the liver in abnormal amounts, 
is displaced during the deposition of glycogen The processes involved in 
this displacement need not be discussed here This physiologic phe- 
nomenon was first pointed out bj' Rosenfeld He repoited that in a 
number of physiologic and pathologic conditions in v Inch the concentra- 
tion of glycogen m the livei fell there occuiied a fatty infiltration of the 
liver The studies of Goldschmidt, Vars and Ravdm, however, demon- 
stiate clearly that the liver may simultaneously contain a high concen- 
tration of glycogen and a high concentration of lipid Under these 
conditions the glycogen per se, regardless of its concentration, does not 
protect the liver from injury Channon and Wilkinson have demon- 
strated that a high protein diet is also beneficial in displacing hepatic fat 
They found such a diet to be just as efficacious m reducing the hepatic 
lipid concentration as was the administi ation of choline, wffiich Best and 
his co-workers had suggested as a physiologic accessoiy food factoi 
which regulates the amount of fat m the liver 

Seveial years ago, when w'e were prepaiing our patients wuth hepatic 
disease with intravenously injected dextrose, we took biopsy specimens 
of the liver from patients with obstruction of the common bile duct 
Approximately one third of the patients so prepared had amounts of 

10 Davis, N C , and Whipple, G H The Influence of Fasting and Various 
Diets on the Liver Injury Effected by Chloroform Anaesthesia, Arch Int 
Med 23 612 (May) 1919 

11 Moise, T S , and Smith, A H The Regeneration of Liver Tissue on 
Various Adequate Diets, J Exper Med 40 13, 1924 Smith, A H , and Moise, 
T S The Regeneration of Liver Tissue During Nutrition on Inadequate Diets 
and Fasting, ibid 40 209, 1924 

12 Rosenfeld, G Zur Lenre von der Fettwanderung, Allg med Centr-Ztg 
83 1051, 1900, Fettbildung, Ergebn d Phvsiol 3 50, 1903, Der Process or 
Verfettung, Berl klin Wchnschr 41 587, 1904, Fett und Kohlenhydrate, i ' 

43 978, 1906, Eivveisskorper und Leberverfettung, ibid 47 1268, 1910 

13 Channon, H J , and Wilkinson, H Protein and the Dietarv Production 

of Fatty Lners, Biochem J 29 350, 1935 „ 

14 Best, C H , Huntsman, M E , and Ridout, J H The “Lipotropic 
Effect of Protein, Nature, London 135 821, 1935 
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tat in tlie liver ^\hlch, had a volatile anesthetic been used duiing the 
operation \\ould ha^e conduced to some degiee of degeneration or 
necrosis ot the h\ei Fuitheimoie. the amount of glycogen in the 
li\er vlien such a piogiam was used dining the pieoperative peiiod was 
iieier striking 

In new of the obsenations of Goldschmidt, Vars and Rai'din,*'' it 
seemed highh desiiable to deteimine the diet best suited to prepare the 
“bad risk” for operation m cases ot disease ot the hvei 

EXPERIMENTS 

Healths mongrel dogs, the majonti of which were young and full grown, 
Mere selected for these experiments Obstruction of the common duct was pro- 
duced bv ligation of the cjstic duct or by cholecystectomy and double ligation and 
section of the common duct When special diets were being fed, the food was 
carefulh mixed and reenforced with the necessary vitamins and salts The amount 
c{ food consumed each day b\ each dog was recorded Biopsy specimens were 
taken from the luer before and after the periods of special feeding, so that 
the effect of the diet on the composition of the liver could be observed The 
methods of analj sis used in this work were the same as those previously reported 
In this paper the term total fatty acids is used as an indication of the total lipid 
concentration of the In er 

Effect of Obstruction of the Common Duct — Twenty-one dogs which had been 
cm the routine mixed diet of the animal house were subjected to total obstruction 
of the common duct With this diet the concentration of fatty acids in the liver 
'aried from 8 to 11 per cent by dry weight Administration of the routine diet 
Mas continued after operation The dogs were killed in from thirteen to thirty- 
fi'e dajs after operation The hepatic concentrations of fatty acids are given in 
table 1 It will be noticed that in 9 instances, or in more than one third, the 
concentration was such that had a volatile anesthetic been used some degree of 
mjurj to the luer would have resulted In the remainder the concentration was 
"ithin normal limits 

Inasmuch as an increased hepatic concentration of fatty acids was found in 
t e dog subsequent to obstruction of the common duct in much the same incidence 
os in man, the dog was considered an appropriate animal to use in these investi- 
gations 

Effect of Diet 01 Diet and Chohiu Chloride on the Concenti ation of Fat tn 
tac Liver m the Presence of Obsti uciion of the Common Duct Since a high 
concentration of fat in the liver did not occur in all of the dogs with obstruction 
ta the common duct on the routine diet, dogs were placed on a high fat diet 
Or tMo weeks prior to operation in order to increase the incidence of fattv 
Hers The dogs weie then operated on, an initial biopsj specimen being taken 
com the hver and the common and cystic ducts being occluded The majoritv 
ta the luers contained an abnormally high concentration of fattv acids at the time 
ta this operation Various diets were than fed to determine the effect of these 

the hepatic concentration of fatty acids in the presence ot obstruction of the 
<:ommon duct 

The dogs usually gained w'eight during the two preope’-atue weeks on the 
"'Sh fat diet After operation some difficultv was encountered at times in getting 
™ dogs to eat certain of the diets, so that occasionally forced feeding and intra- 
'^ous injections of dextrose were necessarv The dogs often lost some weight 
as a rule did not fall much below their weight at the beginning ot the 
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e\penment The final weights are not especially significant, because of the presence 
ot ascites m some animals 

A summary of the results obtained by the \anous diets is gnen in table 2 
a High Carbohjdrate Diet About 80 per cent of the total calories which the 
dogs received w'ere in the form of carboln dratc, a part of which was gnen intra- 


Table 1 — Effcci of Obsiiitciton of ihc Coiiiiiioii Duct on the Taify Ac\d 
Concentration of the Ltvet 
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Table 2 — Snmmaiy of Results 
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venously as dextrose The protein varied from 4 to 10 per cent of the tota 
calories, w’hile from 9 to 15 per cent of the calories was present as fat T e 
dogs received a mean of 88 calories per kilogram of body weight per day (table ) 
The mean concentiation of fatty acids in the Iner was 309 Gm per hundred 
grams before the period of feeding and 155 Gm per hundred grams after the 
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pciiod of feeding, n reduction of ipproMiintdv 50 per cent during the carbo- 
hj orate feeding period of fourteen dnjs 

The concentration of licpatic gKcogcn in tliesc dogs averaged 5 4 Cm per 
hundred grams in tlic presence of obstruction of the common duct and the high 
fat content 

b High C.arbohjdratc Regimen plus Clioline Chloride A. second group of 
dogs tilth fatt\ In CIS and obstruction of the common duct was placed on a high 


T \jiir 3 — JJiff/i Cat bolndi all Did 
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diet it might cause as great a reduction in hepatic iipid concentration in seieii 
to eight days as the high caibohjdiate diet alone was capable of doing in fourteen 
days 

In the group of dogs lecuving 0 4 Gm of chohne chloride daily and a mean 
intake of 71 calories per kilogram per day, the mean reduction in concentration 
of fatty acids in the liver was 36 per cent In the dogs leceiving 08 Gm of 
choline chioiide daily but whose mean caloric intake was but 42 calorics per 
kilogram of body weight the mean reduction was but 29 pei cent When large 
amounts of choline chloride aie given to a dog with obstruction of the common 
duct, nausea or lecurrcnt vomiting may prevent acceptance and retention of an 
adequate caloric intake Although choline chloride would appear to have exerted 
some lipotiopic action in these experiments, a suitable high caloric diet would 
have lesulted m a more significant decrease in the lipid concentration 

c Mixed Diet The dogs m this group received approximately half of their 
total calories in the form of carbohydrate and a quarter each as protein and fat 
While the protein intake was adequate, the fat intake was high Bile salts were 

Table 5 — Mixed Diet 
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given with the food, but even so, the animals did not eat well, and the total 
caloric intake was leenforced by intravenous administration of dextrose 

The data on 7 dogs are lepoited in table 5 The mean reduction m fattv 
acid concentration over a seven day period was 39 per cent, which is similai to 
that obtained when a high carbohydrate diet reenforced with chohne chloride was 
administered The effectiveness of piotein in reducing the fatty' acid concen- 
tration of the liver in the presence of a high fat intake in the diet is here strikingly 
illustrated 

Mann and Bollman have indicated that a diet high in meat protein or 
containing a considerable proportion of meat extractives when given to ductallv 
obstructed dogs lesults m development of abdominal ascites While the major 
source of protein in our diets was casein, there was no evidence m our data 
that meat protein (beef peptone) inci eased the incidence of ascites To S dogs 
we gave a beef heart diet reenforced by intravenous administration of dextrose 
(table 6) Textbooks on nutrition give analysis of the edible portion of beef 
heart as follows water, 62 6 per cent, protein, 16 per cent, fat, 20 4 per cent, 
and carboliy drate, 1 per cent The dogs did not eat the diet well, even thoug i 
they were given bile salts The total caloric intake was low Approximately 

IS Bollman, J L , and Mann, F C Experimentally' Produced Lesions of the 
Liver, Ann Int Med 5 699, 1931 
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50 per cent of the caloric intake was in the form of fat In onlj 1 dog was theic 
a reduction in the concentration of fatly acids, in the other 4 the concentration 
increased from 41 to 188 pei cent during a seven day period The only dog 
m which a reduction occurred had a \eiy high concentration of latty acids in 
the luer, and the caloric intake, while not high, was adequate In the lemaining 
dogs the very low caloric intake and the high fat content of the diet weie without 
doubt factors in the increase of fattv acids in the liver 

d High Protein, High Carbohydrate Diet The animals in this group received 
72 per cent of tlicir total caloiies in the form of carbohydrate and 28 per cent 
as protein (table 7) The caloric intake pei kilogiam of body weight was high, 

Tabli: 6 — Beef Heart Diet 
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73 
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13 

63 

22 

22 

29 
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79 
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Table 7 — High Pi otetn-Carbohydiaie Diet 
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41 1 

19 1 

—54 

40 4 

IS 7 

—54 

48 7 

27 8 

—43 

27 1 

110 

—GO 

111 

4 8 

— 57 

19 8 

99 

—70 

16 4 

70 

—57 

29 2 

14 1 
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^eing approximately the same as that of the dogs on the high carbohjdrate diet 
There was, however, no fat m the high protein high carbohydrate diet The 
protein was in the form of casein and beef peptone Corn sjrup was the source 

of carbohydiate 

Dunpg a period of seven days on this diet the mean fatty acid concentration 
'vas reduced by 54 per cent, which is approximately the same as the reduction 
obtained by a high carbohydrate diet of similar total caloric intake in fourteen 
dais In several instances the concentration had at this time reached the minima 
'«'el obtainable in the liver of the dog The advantage of a diet of tins general 
‘'Pe should require no further discussion Not only is the fatty acid concentration 
of the luer markedly reduced in a minimal period, but the glj cogen concentrations 
aie all at or considerably above, the normal level 
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COMMENT 

It has geneiall)'- been accepted that m the piesence of obstiuction of 
the common bile duct a high concentration of glycogen in the liver cannot 
be obtained The data leported in this papei demonstrate that even in 
the presence of complete ductal obstruction a high concentiation of 
glycogen can be obtained if a sufficient caloric intake of suitable dietary 
composition can be maintained The data in table 8 are given in further 
support of this 

In this group of dogs the cential and left hepatic ducts were ligated, 
excretion of bile from a portion of the liver being thus stopped The 
dogs, however, were passing bile into the intestine from the unobstiucted 
portion of the liver Their appetites remained good on a diet which 
consisted essential^ of carbohydrate 


Table 8 — Paihal Obstiuctwii. imth High Cai bohydi ate and Inliavcnoits 

Devil ose Regimen 


Dog 

Dajs on 
Regimen 

Ligntcd 
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Gm /lOO Gm 
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Gm /lOO Gm 
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442 

10 

10 8 

10 3 

52 

54 

S39 

10 

78 

IOC 

54 

56 

448 

13 

118 

12 5 

40 

52 

S7i 

11 

11 1 

10 0 

64 

54 

460 

13 

70 

73 

CG 

60 

610 

10 

20 0 

16 7 

35 

32 

322 

11 

81 

108 

57 

53 

Avenge 

12 

no 

11 2 

54 

52 


Aftei ten to nineteen days the dogs Avere killed, and pieces were 
removed for analysis from the light and left lobes of the liver While 
the concentration varied slightly, the mean concentrations of glycogen 
and fatty acids were identical The obstructed portion of the liver con- 
tained concentrations of glycogen well above the accepted values foi a 
normal liver, and the concentrations of fatty acids were all low 

These data strongly support out present feeling that too much 
emphasis has been placed on intravenous administiation of dextrose to 
jaundiced patients and too little on the oral intake of food The common 
piactice of administering 3,000 milliliteis of a 5 per cent solution of 
dextrose each day and paying no attention to oral intake is, in our 
opinion, a great mistake The patient receives from the injected dextrose 
only 600 calories, which is little more than a thii d of the basal metabolic 
requirement If the glycogen content of the livei is to be increased 
significantly, carboh 3 '^drates and other foods must also be given by mouth 
The dextrose administered by the intravenous method spares the patient s 
own tissues to the extent of 600 calories Since fat is burned m the 
presence of carbohydrate, the major body foodstuff which is spared by 
this method is protein To the extent that caibohydrates given by mout i 


JOH^SO^ LT IL—DILT l\D COMPOSU I0\ Ol Lll LR 1113 


displace luer lal and spaie luci piotcin the luci will be protected against 
the effect ot certain hcpatotoxic agents Tins concept ot Goldschmidt 
Vars and Ra\din tlnows new light on the beneficent action of a carbo- 
h}drate diet in protecting the li\cr fioin injur\ b\ colatile anesthetics 
The statement made repeatedly in clinical literature that a cai bo- 
hydrate diet will permit the Iner to legeneratc more rapidh than am 
other diet is open to serious question Regeneiation of degenerated 
parenchy mal cells requires protein either endogenous or exogenous The 
addition of adequate protein in the diet thciefoie takes on a new sig- 
nificance Goldschmidt, Vars and Ra\ dm ha\ c show n that protein 
offers some degree of protection to the luer against necrotizing anes- 
thetics, in adequate amounts it is a powerful lipotropic agent, and an 
adequate store of reser\e protein will facilitate more rapid cellular 
regeneration 


A great many patients wnth disease ot the biliary tract are obese and 
ave abnormal amounts of fat in the luer We believe that reduction 
•n the lipid stores of the luer is an important part of the preparation 
° *^hese patients for operation The total caloric intake is of importance 
evaluating experiments of this ty'pe The high protein, high carbo- 
bdrate diet and the high carbohydrate diet provided approximately 
equal calories for the dogs, but the addition of adequate protein to the 
'e resulted in a similar reduction in the hepatic concentration of fatty 
in half the time 

to caloric requirements of the normal dog haA e been found 

c approximately 45 calories per kilogram of body weight per day^ 
^^owgill has shown that 70 calories per kilogram per day is sufficient 
Maintaining growing dogs over a long period Using only those 
uuals receiving 70 or more calories per kilogram per day the high 
the high carbohydrate diet remains the most satisfactory in 
concentration of fatty acids m the luer (table 9) 
hen the total caloric intake was well below that necessary for basal 
^^quirements the fatty acid concentration of the liver increased The 
was in the group given choline chloride, m which a 
uie found with caloric intakes slightly below the basal require- 

subst^ Choline chloride, therefore, does act as a lipotropic 

of tl binder these adverse nutritional conditions The concentrations 
csp in the liver m some of the choline chloride experiments, 

clioli"'^ 'vhen the caloric intake was exceptionally low, suggests that 
some manner protects the glycogen stores of the liver 
" ®oon to be published from the laboratory further support 

“''s concept 

(7 q M table 9 suggest that w^hen the caloric intake is sufficient 

virbof ov more per kilogram per day) and adequate amounts of 

'■unoii protein are included the diet can contain a fairly large 

’’M ot fat without resulting in fatty' infiltration of the luer This 
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again sti esses the importance not only of the total caloric intake but of 
the amount of carbohydiate and protein in the diet 

In numerous instances we have confirmed experimentally the observa- 
tions of Goldschmidt, Vais and Ravdm that high concentrations of 
glycogen and fatty acids may be present m the same liver, thus providing 
exceptions to the Rosenfeld hypothesis 

If data such as we are here reporting can be tianslated to the prep- 
aration of the patient with obstruction of the common duct, the follow- 
ing facts must be kept m mind An adequate caloric intake cannot be 
achieved at present by any type of intiavenous alimentation If the oral 
route IS impossible the intravenous method should be utilized, but if 
there is no contraindication to oial administration of foodstuffs the oral 
route should be used There is, in our opinion, no special virtue in 
intravenously injected dextrose over dextiose absorbed from the 

Table 9 — Summary oj Data on Dogs FuLmg Seventy or Mote Calorics 
pel Kxlogiam of Body Weight pa Day 
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Mixed 

4 

81 

91 

82 

7 

32 

26 

42 

75 

25 

31 
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intestinal tiact We are aware of the fact that Soskin and Hyman 
are not in agreement with this concept 

The administration of bile salts and the vitamin B complex will be 
helpful in overcoming anoiexia and promoting a more noimal gastro- 
intestinal activity A patient whose total caloric intake is inadequate 
should have little or no fat in the diet When the total caloric intake 
is ample, fat can be given provided the diet contains sufficient piotein 
Since the patient with obstruction of the common duct does not tolerate 
fat well, the fat content should be kept as low as possible Even lean 
meat may contain considerable fat This must be kept m mind m 
arranging a diet 

We have found that the aid of a skilled dietitian is exceedingly help- 
ful in' arranging diets for the individual patient This can best be done 
by consultation between the patient and the dietitian, so that likes and 
dislikes can be taken into consideration 

16 Soskin, S , and Hyman, M Physiologic Basis of Intra\enous Dextrose 
Therapy for Diseases of the Liver, Arch Int Med 64 1265 (Dec ) 1939 
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For the occasional patient it may be ad\isable to use the method of 
orojejunal feeding lecommended by Stengel and Ravdm in order to 
introduce sufficient amounts ot the nccessan’’ foodstuffs 

That a diet m uhich 75 to SO pei cent of the total caloues come from 
carbohydrate and 20 to 25 pei cent from piotein will piove to be the 
most satisfactorj diet seems bigbh likely A minimum ot the protein 
should be pioMded as meat Such a progiam would fulfil the require- 
ments laid down by Goldschmidt, Vais and Ravdm and wmuld support 
CiiannoiTs observation that m the rat on a diet in wdiich nioie than 
14 per cent of the total caloiies are obtained fiom protein marked lipo- 
tropic action is observed The admimstiation of choline chloride to 
man w-ould, m the light of our animal expeiiments, require enormous 
doses and might well lead to persistent nausea and vomiting, thus affect- 
mg fluid and electrolyte balance in despeiatety ill patients 


SUMMARY 

A high fat content of the liver was found in about one third of a 
group of clogs on a normal diet which were killed from thirteen to 
thirty-five days attei complete obstruction of the common bile duct 
Dogs were given a high fat diet for tivo weeks to raise the hepatic 
concentration of fatty acids They weie then subjected to complete 
obstruction of the cystic and common ducts Various diets were 
compared as to their efficiency in lowering the hepatic fatty acid concen- 
tration in the presence of obstruction of the common duct 

A diet high in protein and carbohydrate, with no fat, was found most 
effective in reducing the fatty acid concentration of the liver and in 
increasing the hepatic glycogen m the presence of obstruction ot the 
common duct This diet gave approximately the same i esult as the usual 
high carbohydrate diet in about one-half the time 

An adequate caloric intake is an essential part ot the preoperatne 
ti-eatment of the patient with disease of the biliary tract If the caloric 
intake is low, it is especially important that the diet contain no fat 

The lipotropic effect of choline chloiide was demonstrated in dogs 
"ith a low caloric intake 


CONCLUSIONS 

It IS believed that the data obtained in these experiments ^ , 

fo the observations ot Goldschmidt, Ravdm and ars ^ ' 

conclusive to warrant the adoption of a high protein high 
"0 fat diet in the preoperative preparation of the senoush ill patient 

"ith disease of the biliary’- tract 

» T j T. j T The Maintenance ot Xutriticn n 

Stengel, A, Jr, and Ravdm, I b - „,„-i Method ot Fccd.re 

Surgical Patients with a Description of the Oro-Tciunal Mcu 

Gurgen 6 511, 1939 



PREOPERATIVE AND POSTOPERATIVE CARE IN 
ANORECTAL SURGERY 


LOUIS A BUIE, MD 

ROCHESIER, jriNN 

Piior to any opeiation, it is impoitant that the patient be given a 
description of the disease, its piognosis and the treatment to be employed 
The patient’s obligations m lespect to the part which he is to pla} in 
the course of treatment should be outlined He should be informed of the 
probable length of his stay in the hospital and of the amount of time 
to be spent under the ph3'sician’s caie aftei dismissal from the hospital 
The gravity of his problem should not be minimized A fissuie mar 
appeal trivial to every one except the peison who is its host To him 
It presents a giave problem, and a physician makes a serious mistake 
VI hen he tells such a patient that hospitalization is unnecessar}' and 
that the problem is simple Often the physician and the patient are both 
disillusioned later, when it is found that after some simple treatment 
the lesion is still unhealed and the patient must be sent to the hospital 

PREOPERATIVC CATHARSIS 

Patients react m v'aiious wa)'S to cathaisis, theiefoie, it is unwise 
to prescribe a loutine medicament foi evacuating the bowel It is almost 
customary for patients to be given castor oil m prepaiation foi lectal 
operations Some patients who take cathai tics will empty the colon com- 
pletely, and when the cathaisis is followed by cleansing enemas seveial 
days may elapse before sufficient material will accumulate m the colon 
to provoke another evacuation of the lectum In some cases a pre- 
operative cathai tic sets up in the colon an irritative reaction which may 
persist for seveial days This may piovoke a constant desire to emptv 
the rectum and it may become necessary to use sedatives in oidei to 
protect the wound from a constant discharge of intestinal content 
Therefore, as a rule it is preferable to cleanse the rectum with one or two 
saline oi soapsuds enemas prior to the opeiation If an extensive opera- 
tion is requiied it may be well to give the patient a nomesidue diet for 
a day or two, and by the time the operation is to be pei formed the colon 
can be emptied entirely I have found this to be a very useful scheme, 
by continuing a nonresidue diet after opeiation I have been able to 
carry patients for three weeks or more without the necessity of a bow e 

From the Section on Proctology, the Mavo Clinic 
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nio\cment Such patients ha\e thicc meals a clay and do not complain 
ot e\eii as much as a gas pain .\ suitable nonicsidue diet can be piovided 
am efficient dietitian 

“^t the Maeo Clinic the opeiatnc schedule is carried out m the 
alternoon It is the custom to admit patients to the hospital at 9 a m 
They ma} ha^c a light hie.dsfast usually collee oi tea, orange juice 
sad a slice or two of toast Immediately on arinal m the hospital a dose 
13 ^ grains (0 1 Gm ) of pentobarbital sodium (nembutal) is given 
oralh As has been stated, the lectum is cleared with one 01 twm saline 
Of soapsuds enemas and the patient lests m bed for an hour or tw'O 
■^hout two hours later another dose of pentobarbital sodium, 1/4 grains 
(0 1 Gni ), IS guen, and another small enema is administered One 
halt hour before the patient is sent to the operating room he is given 
^hjpodermic injection of morphine sultate The size of the dose depends 
on the Size of the patient Sometimes atropine sulfate is added 


ANESTHESIA 

Man} t}pes of anesthesia may be used in proctologic operations Mj 
associates and I ha^e found block anesthesia of the sacral nerves very 
satistactor)^, low spinal anesthesia has been acceptable in certain cases 
^^uch has been written on this subject by experts, and I suggest that 
(Current publications be sought for information along this line 

EXPOSURE OF THE FIELD OF OPERATION 
^ Mter the patient has been prepared for operation, suitable 
° the field must be provided Poor exposure may comp ^ . 

le surgeon’s efforts, whereas his abilities are greatly increase 1 
"We to bring readily to his hands the tissues on wdnch operation 
•^seessary 

For this purpose the patient is placed in a suitable position on t le 
operating table Although this position has been referred o 1 
''"•■"SS, I shall aga.„ deicnbe .t m deta.l The opera., ng 
''•th a sponge-rubber pad thick enough to insure the pa i ^ 

the head of the table there are w mgs, w Inch are 
;;Wch are arranged so that the patient’s elbows ma} ^ 

In approximately the middle of the table, beneath die pM 
an ordinary elevating bar such as is used "d 

' oc} The patient is placed in a prone position, an ^ ^ 

0 a suitable height b} means of the eleiating a TJ.l 

^O'table perforation provides sufficient exposure lor be p < 

^^^'stants and the iiLrument nurse mm assume -ti n to P . 

■'t the table All operations m the region ot the anus penneum 1 1 
Or sacral region can be performed with the patien p a 
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POSTOPERATIVE CARE 

After the operation has been completed, dressings are applied For 
many years the T binder has been used to maintain these dressings in 
place, and for an equal number of years it has been an abomination 
in the hands of all who have employed it I shall describe a substitute 
which I have found useful (see accompanying illustration) 

The binder consists of a substantial but soft elastic belt and a sup- 
poitmg portion made of a material which is also elastic This support 
stretches in only one direction, and by attachment of the material to 
the belt in a certain way active pressure is provided in the region of the 
sacrum, perineum and pubes Therefore, in addition to maintaining the 



Dressing binder a, soft elastic belt, b, soft elastic lateral straps, c, anterior 
support, d, posterior support, and e, perineal support 

dressings m position, the support adds pressure which gites comfort to 
the patient, especially when he becomes ambulatory It renders unneces- 
sary the use of adhesive tape and bandages 

The binder must be carefully fitted to each patient before he arrives 
in the operating room This is important As soon as the patient is 
placed on the operating table, the binder is drawn down around the 
knees, so that when the operation is complete the dressing can be 
applied and the support can be quickly brought into place 

After the operation has been completed, the patient is transferred 
to bed and is instructed to he face downward until the surgeon makes 
his rounds, one or two hours latei Then the condition of the patient 
IS obsen'^ed, and he is permitted to he on eithei side unless theie is 
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some contranidication Libeial doses ot moiphmc sulfate, ma} be 
administered, if neccssaiy. to contiol the pain 1 he amount ot the dose 
should be governed by the joulse latc and b\ tlie weight ot the patient 
Painless convalescence should not be expected i'luiing the twehc to 
fitteen hour penod nnmediatel) following the opeiation e\ei} eftoit 
should be made to alia} the patient’s sulleiing V*- a rule, one oi two 
Iwpodermic injections of moiphine sultale, giain fOOl Gm ) each foi 
small persons and giain (0 016 Gm ) each toi those who aie largei, 
are required Sometimes moie than two hjpodeinne injections of mor- 
phine sultate aie necessar}’’, and just as often one inieetion is ah that 
IS needed 


As soon as sensation i etui ns, and not befoie the application ot 
hot paclvs IS begun At this time the support is lemoved together with 
dressings except those necessaiy to protect the wound itself The 
hot applications are continued until the patient goes to sleep or until 
he prefers that they be stopped The applications should be as hot as the 
patient can tolerate, and, theiefore, it is important that the patients 
judgment should not be impaired by any lack of normal sensoiy leaction 
the parts Accordingl}', the physician should be sure that all anesthesia 
has disappeared before heat is used 


There is an art m preparing and applying hot wet dressings They 
are valueless when improperly employed By placing moistened gauze 
^S^mst the wound and applying over it a lubber insulated electric pad 
equipped with a switch wuth wdiich the patient can regulate the amount 
heat, one is enabled to change the dressings less frequently than when 
Jhe old-fashioned hot water bag is used Gauze moistened with warm 
hamamehs water (witch hazel) is applied to the anal margins and the 
Perineum as soon as it is of a temperature which the patient can tolerate 
turkish towel is then rung out m hot water and applied, and against 
the insulated electric pad is placed A rubber sheet is used to 
Protect the bed clothing, and a pillow is placed m order to keep everything 
position These dressings are changed sufficiently often to keep 
0 gauze moist, and at each changing it is advisable to ask the patient 
re ivishes to shift his position before the next dressing is appbe 
bus Way soreness and aching of the hips and lower extremities can 
An additional advantage of this regular change of dressinj,s 
^ opportunity afforded to inspect the ound 
ennf T most important purposes of hot Avet dressings r® ^ 

^'■ol the infectious process, which never can be disregarded after 
tlio ' ^Porations When the Avound is beginning its reparatiA e process, 
Iioi!^ have great A'^alue They may be used for a out 

s!n , and each afternoon In tliose cases m which abscess 
ughmg or excessive infection of any tjpe has been a feature the=e 
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applications are made more frequently and ovei a longei period Other 
medicated solutions may be employed instead of witch hazel Metaphen 
(aqueous solution, 1 200) is of value 

CATHETERIZATION 

It is not often necessary to cathetenze the patient, although many 
will find It difficult to uiinate without extra eftort Muscle spasm is 
usually manifested after anorectal operations and is severe in many 
instances Many patients who have emptied the bladdei just befoie 
going to the operating room (this should be routine proceduie) and 
who noimally void only once or twice during the day will experience 
a desire to urinate shortly aftei the operation If such a patient is 
merely provided with a uiinal, such a psychologic state will probably 
develop that catheterization almost surely will be lequued If this same 
patient is informed that it is not necessary to worry and that if he 
normally voids only once m eight to ten hours thei e will not necessarily 
be any change m this program, usually he will rely on this information, 
and the consequent lelaxation, together with sedatives and hot applica- 
tions, may solve his problem 

It IS well to advise the patient to drink sufficient water to satisfy 
his thirst If he avoids drinking watei because of feai that he may not 
be able to empty the bladder, the small quantity of ui me which accumu- 
lates will be more concentrated than otherwise and therefoie more pio- 
vocative of the desire to urinate The patient should be relieved of all 
responsibility and should undei stand that he will be kept under careful 
observation and that catheterization will be performed and repeated as 
often as necessary Many patients will pass through the entiie night 
(twelve to eighteen hours) and then void without difficulty On the 
other hand, an occasional patient may be so uncomfortable that he must 
void within two oi three hours after operation The reaction of each 
patient must be observed, and the propei procedui e must be determined 
in each case It is unwise to permit a patient to go longer than eighteen 
hours without urination, and occasional!}'’ it is a mistake to allow him 
to go as long as that The symptoms, the intake of W'ater, the interval 
since the last voiding, the condition of the bladder and the amount of 
distention as determined by palpation of the lower portion of the abdomen 
should determine the course of action 

POSTOPERATIVE INTESTINAL HABITS, DIET AND LAXATIVES 

After uncomplicated anorectal opeiations the patient is allowed to 
ha^e regular meals without interruption During the first day the food 
IS limited to a nonresidue diet, but thereafter the patient is alloived a 
“regular” diet Many patients do not W'lsh to eat because they fear having 



BUIi:— lA'ORECl IL SbRGLRl 


1121 


a boA\eI movement The soonci this situation is disco\eied the bettei, 
for no patient A\oiiies as much as the one who finds aftei seveial davs 
that he has not had a bowel mo\cinenl, and he usually requues a laxa- 
tive befoie his bowels wull move If he eats thiee meals a day, the 
accumulation in the rectum will occui in its noimal c\cle and will pci- 
fonn a significant pait m legulating evacuation of the bowel In the 
a\erage case my associates and I prefci that c\aeuation should not 
occur in the first fort 3 ’'-cight houis This is accomplished merely h} 
informing the patient of our wishes In some mslances dcsentei^ may 
decelop, and then it is neccssarc to establish dietetic piecautions and to 
administer camphorated tincture of opium U S P (paiegoiic) oi a 
similar medicament to quiet the bow'el On cei tain occasions, especially 
after moie extensive operations have been peilormed, we prepare the 
patient by keeping him on a nonresidue diet foi several dajs befoie the 
operation Even then, how'evei, it is not often necessary to use artificial 
means to keep the bow'^els from moving 

On the first or the second postoperative day a small uibbei tissue 
dram which w'as inserted at the time of operation is usually removed 
Sometimes this stimulates action of the bow'el, but in most cases the 
bowel does not act until appioximately sevent)’'-tw'o hours have elapsed 
Most patients who have anoiectal disease are constipated, and we find 
d necessar)' to give them something to regulate the habits of the bow'’el 
Por this purpose w^e make use of substances like agar, which add bulk 
the materials which pass through the intestinal tract, and aftei 
these materials have been emptied from the rectum theie is usually no 
residue It is well to avoid the use of laxatives which stimulate bow'el 


nrocements When such measuies become necessary, enemas are pre- 
ferable These clear the rectum satisfactorily, and afterwaid there is no 
necessity for further evacuation Even the mild laxatives sometimes 
force a patient to go to the toilet several times, and this is undesirab e 
surgeons prescribe liquid petiolatum after rectal operations 
od, mixed wnth fecal discharges, soon i caches the rectum and is 
'^barged through the outlet It is then impossible to keep the parts clean, 
J"d consequently the wound remains in an unhealthy and inflamed state 
ben the bowels begin to act the evacuation should be fo } 

rrigation of the anus and lectum This cleanses the wmund o 
purulent discharges and should be followed by the application o 
f ^^ble dressings If the patient has been unable to defecate after 
c\enty-two hours, the wmund should be cleansed and 
cansing irrigations may be of plain, w^arm water or me ica e so u 
; '^0 F (37 7 C ) A small lubber catheter ivhich has beeii well 
[’cated IS used m place of the oidmary enema tip On ^ - 
(5 to S cm ) of the catheter should be nisei ted into the 
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The length of the patient’s stay in the hospital is determined by the 
extent and character of the operation and the necessity of instituting 
such measures as cannot be earned out elsewheie The wound is cared 
for each day until it is entirely healed or until it is in such condition 
that it can be cared for by the patient unassisted Management of the 
wound IS much the same as that necessary for any infected wound Each 
day, aftei evacuation of the bowel and the irrigation just described, 
the physician should cleanse the anal canal and the wound by irrigation 
This IS accomplished with an ordinary 30 cc syringe, a connecting rub- 
bei tube and a cathetei oi a perforated irrigating tip Man} iirigatmg 
solutions, such as witch hazel, metaphen (aqueous solution 1 200), 
satin ated solution of boric acid oi dilute potassium permanganate solu- 
tion, may be used If the wound is sensitive, some sedative dressing 
powder like ethylaminobenzoate U S P provides comfort Finally, a 
piece of cotton oi gauze of suitable size is tucked into the orifice of the 
anus or into the margins of the wound The care of w^ounds varies 
fiom day to day, and it is necessary to employ different methods after 
different operations Often the gauze or cotton used for dressings may 
be saturated with iodoform, dichloramine-T or dilute solution of sodium 
hypochlorite U S P When the wound is observed daily, measures can 
be adopted foi the control of any unfavorable condition as soon as it 
develops 

Sometimes the patient complains of a sense of pressuie within 
the rectum or of undue soreness The problem may be clarified wdien 
examination with a small anoscope reveals that the rectum is full of feces 
Such soreness may be due to sutures that have not been absorbed 

The patient should be tiained to take caie of himself He should 
know that the watei foi irrigation should be between 105 and 110 F 
(40 6 and 43 3 C ), and as a precaution against scalding he should be 
instructed to place his hand m the wmtei before beginning the ii ngation 
The n ngation can be conducted while the patient is seated on the toilet 
He should be mfoimed that the water is not injected in order to pioduce 
evacuation of the bowel but only to cleanse the lower part of the i ectum, 
the anus and the margins of the wound after they have been soiled 
When a patient so instructed leaves the hospital, there is little doubt 
that the wound will be kept clean After dismissal from the hospital, 
in addition to the care w'hich the patient gives himself, he should 
report for daily treatment by the physician until the condition of the 
wound wmnants final dismissal from professional caie 



PREOPERATIVE AND POSIOPERATR L TREATMENT 
OF TOXIC GOITJ-R 

X'\THAN A WOM\CK, MD 

ST I OUIS 

Tomc goiter is as difleient in its vaiious climcal manifestations r 
it is in Its pathologic appeal ance The )oung pci son with an acute 
fulminant exophthalmic type of thyioid disca^-e often lescinbles but 
slightly the much oldei patient with a mildly toxiC nodulai goitei \*ho 
presents a cardiac oi a nutiitional pioblcm Indeed this maihcd dis- 
crepancy in clinical t3'pes has led many to assume the existence of at 
least tivo separate clinical entities, exophthalmic goitei on the one hand 
2 nd nodular toxic goiter on the othei hand In the United States, 
Plummer and Boothby ha\e been strong adherents to this dualistic con- 
ception There are others wdio feel that tlie vaiied manifestations of 
thyroid disease lepresent different reactions on the part of the patient 
to the same basic pathologic piocess Von Bergmann, one of the 
enthusiastic supporters of this so-called Unitarian conception, has 
recently made an effort to show that there is a transition from a normal, 
liealthy person to a patient with chronic exophthalmic goiter He has 
pointed out that the symptoms of exophthalmic goiter aie exaggerations 
ot normal physiologic processes 

Time does not permit me to enter heie into a discussion of the merit 
of either of these two conflicting opinions However, it seems safe to 
that so far as surgical principles are concerned similar 
factors appeal to be involved While it becomes obvious, therefoie, 
^oat preoperative and postoperative care cannot be standardized to 
aff patients, theie are certain physiologic principles that hold true, o^ g 
^^0 fact that all persons wuth these conditions are suffering from an 
alteration m thyroid function It should be remembered that the t lyroi 
patient” must be considered individually, and therapeutic measures mus 
al'vays be undertaken with this constantly m mmd After the surgeon 
’as made his decision that a portion of the thyroid glan mus 
Removed, the problem becomes one of directing therapy m such a way 
this operative procedure can be done as safely and as completely as 
possible 

From the Washington University School of Medicine and the Baraes Hospital 
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PREOPERATIVE CARE 

In most surgical conditions preoperative care consists in preparing 
the patient to withstand the tiauma of operation When relatively normal 
metabolism exists, this usually lesolves itself into a question of ability 
to withstand a ceitain amount of tissue injury, loss of blood and fluid 
and anesthesia When these factois aie kept at a minimum the surgical 
risk lemams slight When the metabolism is markedly altered as it 
always is with toxic goiter, the eftect of a simple trauma may be magni- 
fied many times There is perhaps no other surgical lesion uith nhich 
gi eater care must be taken, therefoie, to protect in every nay possible 
the physiologic and biochemical piocesses -which are altered by metabolic 
upset 

Preoperatue caie must first be directed at lowering the metabolic 
lequirement of the patient and at lestoiation toward the normal level 
of those physiologic and chemical functions that have been grossl} 
altered by the progress of the disease This treatment may be divided 
loughly into thiee difterent phases — rest, administration of iodine and 
diet 

Rest — The most effective physical lest is lest m bed This is true 
not only because of the maiked deciease m caloric leqiiirement but 
because of the particulai features of muscle metabolism m patients w’lth 
toxic thyroid disease Fatigue is one of the piominent symptoms of a 
patient with a toxic goitei Moiphologic changes in muscle are not 
uncommon m patients wnth fai advanced disease I have seen patients in 
wdiom the muscles of the neck show'ed lemarkable atrophy and replace- 
ment wnth fat There have been numeious repoits of such muscular 
changes Means ^ has called attention to the fact that among persons 
with an elevated basal metabolic late the increase in blood flow^ after 
muscular woik is much greater in thyrotoxic patients than in normal 
healthy persons Similar conclusions have been reached by other 
observers Means has estimated “In terms of actual wmik performed 
per unit of time a metabolic rate increase of 65 per cent piowded there 
is no shift m mean blood pressure w'lll impose about the same buiden 
as the mean blood pressure of 200 mm of mercuiy ” Rest in bed, then, 
becomes a very important preoperative measure because of the lowered 
caloric requirements on the pait of the body, because of protection of 
the musculature from fatigue and, finally, because of the relief from 
the burden thrown on the cardiOA'ascuIar system by this unusual relation 
betw^een muscular exertion and the volume of blood flowf 

Besides physical lest, great care must be taken to provide the 
patient with mental relaxation In recent years the psychotherapist 

1 Means, J H The Thvroid and Its Diseases, Philadelphia, J B Lippinc°*^ 
Company, 1937 
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IS pla}ing a gieatei pait m the medical caie of to\ic tlnroid disease 
In the preoperative tieatment of this condition, houe\cr, hardly sufficient 
time exists foi much to be done along such lines Bv the use of oidinai} 
care and simple means howevei, combined with sound judgment of the 
patient’s peisonahty, much can be accomplished b\ the attending 
plijsician The patient should be placed in a cheertul roc>m oi it in a 
vard veil ava} fiom patients vho aie il! oi who would tend to cause 
depression The patient s petty comfoits and whims must be cateied to 
^ isiting friends and lelatives must be selected with great care, and \isits 
must be made extremely shoit Foims ot occupational *^1101 ap\ may be 
instituted Detailed discussions of the patient's condition should not be 
done within hearing distance The tendenc} to misinteipret chance 
remaiks is often great 'When a leasonable degree of emotional 
tranquilit}' has been established and it seems justifiable, the surgeon, in a 
casual manner and as briefly as possible, maj mfoim the patient that 
some day he intends to remove the thyroid gland but that he would 
rather not mention the exact date lest it cause won} ]\Iost patients 


pretei not to know the exact date on which they are to be operated on 
If IS well to think of the emotional leactions of such a patient in teiins 
of epinephrine 1 espouse There is nothing more detrimental to the w^el- 
tare of a patient wuth toxic thyroid disease than administration of 
Gpmephrine either b} the physician or spontaneous!} Iw the patient 
Certain patients going to an operating loom in a highlv emotional state 
become “serious operatic e risks ” 

Of the various sedatives, the most satisfactoiy aie the barbituiatcs 
Daniels - has recently characterized the action of baibiturates as direct!} 
antagonistic to the effect of thyioxm on the midbiain He cited a con- 
siderable amount of experimental and clinical evidence in support of 
fills conception ^Vhether or not this is tiue, it is a well established 
fact that baibital hypnosis tends to low^ei the oxygen consumption in an 
animal This is in direct contradistinction to the effect of morphine 


''Inch has a tendency to elevate the basal metabolic rate Perhaps the 
'«ost popular of the barbiturates used in cases of toxic goiter is pheno- 
barbital administered in small doses three or four times daih Otliei 


^cdatices of c'^alue, particularly for patients sensitne to phenobaibital 
are chloral and biomide mixtures 


Iodine — Since remtroduction of the use of iodine b\ Plummer the 
Preoperative tieatment of the patient with toxic goiter has been made 
much easier It has added a factor of safeB to surgerx of the tin roid 
f lat cannot be reckoned in terms of mortality statistics' alone fVIain 
P>-eMoush inoperable patients can now be treated surgicalh and the 
of postoperatn e complications has been great!} i educed iib 

2 Daniels L P On the SiEinificance of the Varioin PIitnonKm 01 il 
'i‘'edo\\ Complex Acta med Scandiim 98 'fil 1939 
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such an impoitant theiapeutic measure at one’s disposal, it is ol great 
importance that iodine be so administered as to obtain the gieatest effect 

Shortly after administration of iodine has been started, a striking 
change appears in the patient The heai t rate begins to slow, nervousness 
and apprehensiveness lessen, there is a beginning gam in weight and 
the patient become confident of future well-being At the same time the 
basal metabolic rate begins to decrease, and the thyroid gland becomes 
less vascular and firmer to palpation This improvement, wdiile rapid 
at first, begins to level off at the end of the first week It generally has 
reached its optimum b} the end of the second w^eek After a w’eek 
or twm during which the patient’s progress seems to remain more or 
less stationary there appeals a slow' return to the oiiginal level, although 
this is generally never quite reached These time limits are only relative 
Often lesponse is much moie rapid, and it is theiefore necessary to 
consider each patient individually and w'atch his progress carefully 
It has been thought by some that this apparent lessening of the effect of 
iodine is due to refiactormess of the patient toward iodine Means ^ 
has expressed doubt of this and among his reasons has cited the effect of 
withdiawal of iodine at such a time, which is definitely associated wath 
a much more rapid return to the original thyiotoxic state The question 
cannot be definitely settled until moie is knowm about the mode of 
action of iodine It is safe to say, howevei, that wuth rare exceptions 
the patient with a distuibance of the thyroid stands operation better 
before this delayed retuin of symptoms takes place The original obsen'a- 
tion of Plummer and his colleagues that surgical procedures on the 
patient with thyroid disease and toxic symptoms are best tolerated after 
from ten to fourteen days of lodmization still holds true m ray experience 
I likewise have found no great benefit m changing the method of 
administration of iodine, namely, approximately 10 minims (0 6 cc ) of 
compound solution of iodine U S P three times daily The smaller 
doses of iodine suggested by Thompson and Thompson,® wdiile generally 
effective, occasionally are not associated with as rapid an improvement 
as are massive doses Iodine as compound solution of iodine U S P 
IS not greatly superior to potassium iodide oi any other available iodine 
salt, but it is easily obtained and easily administered 

Diet — Every patient with toxic thyroid disease presents a nutri- 
tional problem With those patients in whom the goiter is only mildly 
toxic this problem may be slight With the more fulminant type of 
goiter and with the older patient the nutritional problem becomes of 
greatest importance The tissue breakdowm exceeds the ability of the 
bodj' to rebuild The lower the patient’s reserve, the greater the opera- 
tive risk The caloric requirement of such a patient is often several 

3 Thompson, W D , and Thompson. P K Recent Observations on the 
Iodine Reaction in Exophthalmic Goiter, Endocrinology 14 293, 1930 
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times that of a noimal peison Not onl) must this caiore rt pmement 
be maintained, but additional food elements must lx sunphed to build 
up the depleted reseives of the body The need toi cdii'(ih\UjatLS m the 
thyrotoxic person is excessive This is due paith to s^i^Uh ircreased 
consumption resulting from increased metabolic dniiduo and partly 
to loss of gl 3 fCOgen as a result of the epmephime et1v( l aiboindrate 
depletion can often be demonstiated m the Inei and n i ([uiu riobable 
that there is likewise a depletion m skeletal mascle and caid'ac ntuscle 
As a result of this the patient’s diet must contain a considerable amount 
of carbohydrate in an easil}’’ assimilable loirn It is liktuise \ie!l known 
that theie is a considerable increase m mtiogen output m the uime ot 


the patient ivith toxic thyroid disease This e\ idtntc ot nicreised protein 
breakdown is likewise apparent in the clinical picture 1 here is musculai 
wasting, and often the level of protein in the blood ma\ show i eduction 
There is a definite disturbance in creatine metabolism Because of the 
specific dynamic action of protein it has been suguc^ted that pioteins 
be given sparingly m the diet of such a patient Tlie specific dynamic 
action of protein in the patient with toxic goiter differs m no wav from 
the specific dynamic action of such food in a noi mal person, so ai 
as can be determined It would seem, therefore, that the bad effect that 
may ensue from the slight elevation m the metabolic rate caused by 
administration of protein is more than offset by the goo e ° 
protein on the patient There seems to be a direct relation between 
protein metabolism and the ability of the body to store glycogen m e 
liver Certainly, in the experimental animal on a high car o ij a , 
low protein diet the ability of the liver to store glycogen is not ^ ^ 

so great as when a high carbohydrate, high protein diet is gnen 
thyrotoxic patient seems to tolerate fats w'ell There oie, no 
attention need be given to the fat m the diet except to guar a^jain 
diarrhea that may result from its excessive use 

In recent years considerable attention has been focuse on t ^ 
between various hormones in the body and vitamins n Uifficult 
%roid IS concerned, much of this work is still J. 

to evaluate This is especially brought out m a revien o 
Schneider ^ There seems to be little doubt that antagonism 

markedly depleted m the presence of thyrotoxicosis „„ sua^csted 

f«»=en theLon of v.aLn A and thyro.d — " 

by some observers, but the existence of anta-onism exten- 

nuestionable Wegelin ® has recently considered th • t, 

~~ M-ion (toin Schilddru'cnhornicu 

4 Schneider, E Die Wechselbeziehungcn ^^^wcnc 

«nd den Vitaminen, Tr Third Internal Goiter Cent X 

^ - Tiptwcen Tlnroxin and y ilini n A, 

^ 5 Wegehn, AC On the Antagonism Beti\ce 

Tr Third Internal Goiter Conf &. Am A Stu ^ 
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siveh and the leader is lefened to his article foi further elaboiation 
In all piobabiht} the most impoitant eftect of vitamin A in cases of 
th}ioid disease is related m some way to metabolism of the liver and in 
paiticular to glycogen metabolism Various methods of determining 
Mtamin A insufficiency have been suggested, one of the simplest being 
the use of the so-called daik adaptation test, which concerns itself vith 
regeneiation of visual puiple aftei exposure to blight light The details 
of such a study may be found adequately described in a recent article b} 
\\ ohl and Feldman ® One must theiefoie include in the dietary regimen 
the administration of faiily laige quantities of vitamin A concentrate 

It has been definitely established for some jears that the vitamin B 
requiiement of the body is dependent to a large extent on the metabolic 
lei el V hen the metabolic rate is inci eased considerabl} , as it is in 
patients nith toxic thyioid disease, the ordinary balanced diet is insuffi- 
cient m vitamin B to take care of bodih needs Theie is considerable 
eiidence that most patients suftermg fiom long-standing thyrotoxicosis 
hare a deficienci so fai as the vitamin B complex is concerned This 
ecidence is both expeimiental and clinical Means ^ has called attention 
to the close similarity of the cardiac abnormalities associated mth 
\itamin B^ insufficiencies as bi ought out by Weiss' several }ears ago 
and the cardiac manifestations occuiiing m man) patients v ith th}rotoxic 
disease It is more piobable that, as Cow gill and his co-w'oikers ® haie 
shown the inci eased vitamin B requiiement is directl} the result of an 
exaggeiated metabolic level and the associated utilization of more carbo- 
Itydrate Ceitamly, these patients do better with administration of 
enoimous amounts of the entiie B complex as concentiate together 
wnth their legular balanced diet Again it has been suggested by some 
that theie is a duect antagonism between the eftect of thyroid secretion 
and vitamin B Theie is evidence that this eftect is not a direct one 
but. as in the case of wtainm A, an mdiiect one associated with better 
nutrition on the part of the organism 

Vitamin C relations m cases of toxic goiter are much less pronounced 
When the content of the adi enal glands w'as show n to possess very large 
amounts of ascorbic acid it was thought that peihaps there W'ould be a 
definite relation betw^een the thyrotoxic state and vitamin C This hope 
has cei tamly not been i ealized Many patients w ith toxic goiter show' a 
le\el of vitamin C m the blood that is much lower than normal Most 

6 Wohl, M G, and Feldman, J B Vitamin A Deficiencj' in Diseases of the 
Tlnroid Gland Its Detection bv Dark Adaptation, Tr Third Internat Goiter 
Coni &. Am A Study Goiter, 1938, p 460 

7 Weiss, S, and Wilkins, R W The Nature of the Cardioiascular Dis- 
turbances in Vitamin Deficiencj States, Tr A Am Phisicians 51 341, 1936 

8 Cow gill, G R Human Requirements for Vitamin Bs, JAMA. Ill 
1009 (Sept 10) 1938 
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of the available evidence at piesent, ho\\e\er, points to association ot 
this factoi ^\lth the geneial nutritional level So iai as \\nund healing 
IS concerned and so fai as ceitain metabolic processes di crtlj i elated to 
vitamin C intake are conceined it is important that tins iitamin be 
kept in mind and administeied whenevei necessan It has not been 
ni}^ expeiience, however, to find the definite increase in weight occiiinng 
after use of vitamin C that seems to be so appaient attci use oi the B 
complex 

In all probability vitamin D is not a gieat factor Because ot the 
increased loss of calcium in both the uiine and the feces ot patients with 
long-standing thyrotoxicosis it W'as hoped that this could be alle\ lated to 
a certain extent by administration of considerable quantities of i itamin D 
How’^evei, it cannot be established without question that this of 
calcium IS in any w'ay concerned with the metabolism of vitamin D 

In regaid to other known vitamins, the data aie insufficient to 
allow any definite opinion to be formed in relation to then action m 
patients wuth toxic thyroid disease 

Space does not permit consideration of many of the complications 
the patient wnth disease of the thyroid may present Among such 
complications, and the most important, is heait disease Otheis olten 
seen are hypertension and, at times, appaiently tiue diabetes melhtus 
With a marked resistance to insulin Patients wnth these conditions 
come into the domain of the internist and lequire special competence 


in their handling 

When the preoperative treatment desciibed m the foiegomg paia- 
graphs is instituted it does not mean that the patient can be neglected 
until the passage of a certain amount of time and then be leach oi 
operation In no condition coming within the surgeon’s care is fieqiient 
and accurate observation of more importance The response ot the 
patient to preoperative medication will to a large extent deteimine the 
time and the extent of the surgical procedures In particular caie must 
be taken to observe the change in pulse rate, body weight, blood piessure 
and basal metabolic rate Of recent years there has been a gi owing 
tendency to deprecate the value of the basal metabolic rate m the diagnosis 
and study of th3roid disease The basal metabolic rate when accurate 
estimated is a fair estimate of the oxygen consumption of the patient t 
probably is one of the most important adjuncts in determining the eitcc 
nf the preopeiative treatment Tins is especialh pronounced m 
case of the younger patient In the patient Aiho has been un ci ire 
luent with iodine for a long time or m the patient who present^ cnit ^ 
uutntional or cardiac disturbances changes m metabolic ]e\e mm 
uot be so pronounced } et tlie\ are none the less a aim > c _ ^ 

u patient paiticulai judgment is required m mterprention oi ib ^ 

Mwe all It must be correlated with the whole chmcnl pictmc 
uot used to the complete exclusion of all clinical sigim 
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As a geneial lule the wise surgeon will know before operation the 
extent of the procedure The surgeon who waits for evidence at the 
operating table to determine whether he is to do a lobectomy or a 
subtotal thyroidectomy often finds that this evidence presents itself too 
late In the progress of pieoperative therapy there are many danger 
signals that one must take into consideration Among these are failure 
of a veiy great drop m the basal metabolic late after lodmization, con- 
tinued loss of weight by the patient in spite of the most careful pre- 
operative tieatment, psychosis or mental aberration, a ^ery large pulse 
piessure, heart disease and, above all, advanced age or long-standing 
toxic goiter In the presence of the last mentioned conditions one is 
most likely to be led astray The lack of emotional reactions, the relatively 
low basal metabolic late and a gland that is not extremely vascular and 
is technically easy to lemove may seem to present ideal indications for 
a single stage opeiation In the hands of most surgeons the operative 
mortality increases with the age of the patient and the duration of the 
toxicity of the lesion In the hands of the careful surgeon, theretore, 
the frequency of multiple stage operations will increase under the same 
conditions 

POSTOPERATIVE CARE 

Postoperative care of the patient with toxic goiter depends largely 
on the condition of the patient at the time of operation and on vhat 
happened to the patient during operation When a patient is operated 
on at the optimum time and the proper amount of thyroid tissue is 
lemoved with the least possible trauma, one may expect little trouble 
The care of the wound will depend on the particulai technic used and 
presents no unusual features One must always expect an excessive rise 
in pulse late aftei an opeiation on the thyroid as compared to surgical 
treatment of other conditions This is associated with an increased 
metabolic lesponse The maintenance of ivater balance, therefore, 
becomes an impoitant factor Particularly is this true when it is 
remembered that the patient has a certain amount of discomfort on 
swallowing for the first twenty-four or thirty-six hours Accumulation 
of mucus in the thioat, which is often troublesome, may be taken care 
of b}’’ steam inhalation and by medication with drugs of the opium group 
Care must be used to keep the patient comfortable Where the environ- 
mental temperature is elevated, as it is in many places in the summer, the 
use of a cooled oxygen tent is often most gratifying When such a tent 
IS to be used, however, the patient should be informed about it severa 
days before operation in order to prevent the tenor experienced by man) 
on awakening from the anesthetic encased m an oxygen tent The inter 
pretation is always one of impending disaster The administration o 
atmosphere containing a high oxygen content is likewise of the greatest 
value 
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Fluids may be administeied subcutaneously and intia\ enously Theie 
are few patients who need less than 4 oi 5 liteis during the first 
twenty-four hours after operation These fluids mav be administered as 
physiologic solution of sodium chloiide or intia\enous!> as dextiose in 
either water or physiologic solution of sodium chloride Concentrations 
of dextrose over 5 per cent when given intra\ enousl) tend to pro- 
mote a certain amount of deh) dration and should be used on!} when 
the need of carbohydrate is great It is well to place sodium iodide m 
the intravenous solution when this is gn en immediately after the opera- 
tion The patient should be encouraged to di ink highly su eetened fi uit 


juices as soon after opeiation as possible Cold drinks and ice cream 
are often most gratefully received If the heait rate is consideiabh 
increased, cold applications over the head and an ice bag over the chest, 
as well as cold applications to the extremities, are of great value 

Whenever a postopeiatne crisis, or stoim, develops it may be 
expected to show evidence of occurring within from four to eighteen 
hours after operation It usually manifests itself as an exaggerated 
postoperatn^e response There is a marked inciease in pulse rate The 
patient appears most apprehensive, at times even becoming delirious 
There may be gastrointestinal episodes, particular!}^ vomiting and diar- 
rhea The therapeutic measures to be instituted are those directed at 
lowering the rate of oxygen consumption of the bod}' and at the same 
hme lowering the emotional reaction of the patient Laige doses of bai- 
hiturates or of morphine or ev'en avertm w'lth annlene h}drate gn cn per 
rectum are often justified Delirium, excessive fear and threshing about 
m bed by the patient must be corrected at all costs It must be remem- 
bered that utilization of water and of sugar is multiplied many times and 
must be compensated for by constant intravenous di ip Low'ering of the 
body temperatures as has been described is likewise of great \a tie m 
lowering the metabolic rate The use of blood transfusion is o 
help This can be administered through the cannula alreadv mscrte or 


the intravenous sugar medication 

Perhaps m no other type of patient is adequate postoperative oxvgcna- 
t'on so important Respiratory difficulty should be correctc at t k 
operating table There is nothing moie dangerous to a thv rotoxic patient 
after operation than cyanosis If theie is no evidence of traciea o rue 
tion this cyanosis must be taken care of b} immediate use oi an oxvgcn 
tent Great care must be utilized m ruling out the presence ot icmor 
>-bage beneath the muscles as the cause ot such evanosis If tins i= 
tound to be present the wound must be opened iminedntelv and 
hemorrhage stopped 

Usuallv after the first week or so the patient is in condition i < 
'» a chair It is well to continue the postoperative admini^tratio i o 
impound solution of iodine U S P m the <=ame do=cs a^ v ere cut 
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preopei atively until a week or t'wo aftei the thyioid has been leinoved 
and the patient becomes stable so fai as the metabolism is concerned 
After this time administration of iodine may be discontinued, and if 
there are no evidences of ovei function of the thyi oid and the basal metab- 
olism IS within the noi mal range it may be discontinued for good There 
is still considerable discussion as to the question of postoperative iodine 
medication It would seem that if the metabolic level is in the realm ot 
normal and the patient is free from symptoms further iodine treatment 
would be useless Iodine foi the first few w eeks has been given b} some 
wnth the idea of prevention of postopeiative hyperplasia Such may be 
the action of iodine, although there is as jet little pi oof that this is true 
If there is mild persistence of thyiotoxic symptoms the administration 
of iodine for a long peiiod is often justified, and it has been found in 
the hands of many to be an excellent drug for treatment of the slight 
thyrotoxic symptoms that sometimes peisist after thyroidectomy Aftei 
the patient’s discharge from the hospital adequate rest must be given 
until recupeiation of the physical and emotional deficiencies that were 
present before operation has occuned Dietarj^ measures must be 
continued and exercises graded veiy carefully Latei postopeiative 
treatment is geneially a mattei of common judgment and lequiies no 
elaboration As for treatment of the heai t disease so often pi esent in old 
thyrotoxic patients, the thyroidectomy has been the most important 
weapon If the heart disease is such as to demand attention geneially, 
It should be handled in a manner similai to the same type of heart 
disease in a nonthyi otoxic patient 

If a mild degree of thju otoxicosis peisists aftei operation it can be 
corrected m many patients by loentgen treatment of the remaining 
portion of the gland 



PREOPERAIIVE AND POSTOPERATRT CARE OF 
PATIENTS WITH SURGICAL DISEASES 
OF THE CHEST 

JOHN ALEXANDER, MD 

A^K ARBOR, MICH 

Good clinical lesults in the tieatment of surgical diseases ot the 
chest are strikingl}'- dependent on meticulous attention to the inaiT^ 
details of pieopeiative pieparation and postoperative caie of the patient 
Countless patients have failed to lecovei then health oi hare died attei 
technically perfect thoiacic operations solel)'^ because the surgeons failed 
to appl}'’ with intelligent undei standing those pieopeiatne and post- 
operative measures that aie based on a thorough familiarity rrith tiioracic 
ph3'siologj^ and pathology and with the behar lor of diseases of the chest 

DIAGNOSTIC AND OBSERVATION PERIOD 

As the effect of surgical theiapy is intimately linked uith the indiMcl- 
uahstic behavioi of many thoiacic diseases, the decision as to uhich 
patients should be treated suigically, the choice of the most suitable 
operation and the surgical management of the patient lequiie of the 
inteiinst or suigeon a deep knowledge of both the medical and the siirgica 
aspects of thoracic disease and the reaction of one on the other Good 
clinical results cannot be obtained with satisfactoir uniforinitv In a 
suigeon who is not familial with the behavioi ot thoracic disease unless 
he has the constant advice of an internist who has had extensile cvper 
cuce iMth the behavior of thoracic disease under suigical therain Die 
clanger of a final decision to opeiate on the basis of a casual consultation 
about the patient’s most lecent roentgenogram, without the suigeon ^ 
actualE seeing the patient, is apparent Apart from the suita ii iti 
a pai ticular phase of a disease foi operation and apart rom t le c 
of tlie propel opeiation one of the most difficult tasks faciii-, t le in c 
and the suigeon is to decide whethei, m certain cases llie t, lo 
too extensile foi cuie or improiement bi suigical measures ani ’ 

the caidiociiculatoiv and lespiratori sistems haic sufficient nincti 
’■eseiie to toleiate whateiei deciease in reserie the coiitciiiplatcd ojxi i- 
tion niai pioduce The scope of this article does not permit a c eni i 
consideration of the complex mterplai of the factors t lat coni 
cRcs.ons which. 111 the last analisis must be based on experience 


Trom the Depnrtmcnt of Siircere Limer-.i!' Ho r> nl f i ' 


M - _ 
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Cardiocirculatory disease, including compensated valvular lesions, does 
not necessarily contraindicate extensive thoracic operations, ivhich, how- 
ever, should be performed m stages nhen possible The electrocardio- 
graphic findings and the lesults of tests of caidiociiculatory competency 
should be satisfactoiy Even eaily signs or symptoms of cardiocirculatory 
decompensation or a histoiy of decompensation are relative contraindi- 
cations to extensive thoracic operations unless the condition to be 
relieved by operation is the immediate cause of the decompensation 
Digitalis should not be given in preparation for operation unless decom- 
pensation IS present 

The slightest objective (and under certain cii cumstances, subjective) 
evidence of dyspnea and cyanosis at rest m bed or after slight exertion 
IS an ominous sign if the contemplated operation is one that would 
reduce the respiratory functional reserve to an extent that could not 
be compensated for by temporary postoperative inhalation of oxygen 
When dyspnea is questionable in a patient at rest m bed, observation 
of the behavior of respiration after exercise of the arms or a short walk 
IS valuable, as are the tests of oxygen saturation of the arterial blood 
described by Whitehead and Miller ^ and the various tests of respiratory 
function elaborated b)^ Cournand, Richards and Darling - Determina- 
tion of the function of each lung separately by bronchospirometry has 
been made by Jacobaeus , ® a number of variations of the method have 
recently been proposed Although a low pieoperative respiratory reserve 
IS dangerous for man}'- patients on whom thoracic operations are to be 
performed, the dyspnea attending certain conditions may be relieved 
by suitable surgical procedures Among these conditions are pressure 
on the lung by tumor oi by air or fluid m the pleural cavity, displace- 
ment of the mediastinal organs with kinking of the trachea, bronchi or 
great vessels or with torsion of the heart , consti ictive pericardial disease , 
the passage of arterial blood through a large part of a lung that is not 
being properly aerated because of extensive infiltration or bronchial 
obstruction, and weakness of the cardiac and skeletal respiratory muscles 
because of toxic absorption from such diseases as pulmonary abscess 
and tuberculosis 

Roentgen Examination — The susceptibility of the thoracic organs 
and their lesions to exceptionally accurate roentgen visualization makes 
detailed roentgen examination the most important means of diagnosis 
and of aiding the surgeon in planning the most suitable operative 
procedure 

1 Whitehead, W K, and Miller, A T, Jr Evaluation of Respiratory 
Function, Am Rev Tuberc 41 1-11, 1940 

2 Cournand, A , Richards, D W, Jr, and Darling, R C Graphic Tracings 
of Respiration in Study of Pulmonary Disease, Am Rev Tuberc 40 487-516, D 

3 Jacobaeus, H C Bronchospirometry A Review of Present E-'cperiences 
and Some Further Investigations, J Thoracic Surg 7 235-261, 1938 
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A study of changes occuiiing in the lesion m serial i oentgenogi ams 
made since the beginning of the illness is of such Aalue m many cases 
as to justify postponement of a decision about tieatment until roentgen- 
ograms made in othei hospitals have been leceived Since in ceitain 
types of lesions important changes may occui lapidly, a final decision 
about surgical therapy should usually not be aimed at unless a roent- 
genogram made within from one to foui weeks is available for study 
So important is a thorough roentgen study in many conditions that 
attempted economy in the number of films made often eventually proves 
costly to the patient In addition to a fluoioscopic examination and 
the taking of anteroposterior stereoscopic film, lateral, oblique and 
“Potter-Bucky technic” films and, in rare instances, lammagi aphs may 
be necessary for a thorough study of the condition 

Piieumothoi ax — Preoperative induction of pneumothorax (at the 
time of removal of pleural fluid if this is present) may give useful 
roentgen information as to whethei neoplasms and other lesions are in 
the lung, thoracic wall or mediastinum and whether they have invaded 
structures in which they did not originate The knowledge of the extent 
and position of pleural adhesions that a pneumothorax will deteimine 
IS valuable in certain cases of tumor and of lesions requiring lobectomy 
or pneumonectomy in helping the surgeon to plan the operation and 
the best position for the incision Exceptionally, inspection of the 
pleural cavity with the thoracoscope and removal of a specimen of tissue 
for microscopic examination may give valuable diagnostic ai an 
determine whether pleural metastasis has occurred fiom a malignant 


neoplasm 

Bro„chog,m«s-'Th^ value of mlrabronclual .nst.lht.on of .od.aed 
0.1 followed by the taking of roentgenograms m the demonstration of 
bronchiectasis and bronchial obstruction is well known, but the danger 
that the oil may cause an acute and dangerous increase in tuberculous 
or nontubereulLs pneumonitis is less generall) recognised \V1 en 
the lesions are in a labile condition, especially in the pre ci.ee of a 

partial bronchial obstruction that causes ...terference Mill, cffic, ii 

dansrer is CTcat J he cliiei 

evacuation of the oil by coughinj,, 

duuu UL Liic u r 1 u-ie Inner ma\ pro; e dangerous 

conditions in which introduction of I J exacerba- 

are the acute and subacute P' ““ “r e that .« or is no, 

lion within two mont s o s parenchinnl tiib.rculO'’s. 

accompanied by bronchiectasis, cl bJonchnl slnctiirc. and partialh 

particularly in the presence • supjnir'ttio.i di^t-il to t’'(_ 

obstructing bronchial neoplasm, v'to U 

obstruction „„nHant bronchi of one lung u'lr’K re"iircs 

The outlining of the m p ,ntroch.CLd lu m-r- i 

not more than 10 cc of iodized oil 
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an inti atracheal catlietei and if large sacculai bi onchiectases are not 
piesent A gieatei amount is likely to clog the bionchioles and aheoli 
(a smaller amount may do so in certain cases), tlieieby interfering with 
accuiate interpretation of the i oentgenograms Recently retained iodized 
oil has been found by Mi Ronald Belsey in the clinic of Mi J E H 
Robeits, of London, England, to inciease the dangei of postoperatne 
pneumonic states after lobectomy and pneumonectomy The recom- 
mendation IS therefore made that major opeiations, unless urgently 
lequiied, should not be cairied out within two months of the instillation 
of iodized oil if moie than tiaces of the oil have been retained 

Bi onchoscopy — Bi onchoscopic piocednies are rapidly becoming 
unuei sally lecognized as an indispensable diagnostic and therapeutic 
measuie in man} thoracic conditions Bronchoscopic stud} is supeiior 
to bi onchographic study for the difterential diagnosis of lesions within 
the Msible limits of the tracheobronchial tree It permits identification 
and biopsy of a bioncbogenic caicinoma oi adenoma and accurate 
deteimination of the cephalad limit to wdnch the giow'th has extended 
It enables the suigeon to determine the location size and type of a 
bronchial stiicture, to detect ulcers that may be the sole source of 
hemopt}ses or of tubercle bacilli in the sputum, to localize the segment 
of the lung containing an abscess by identification of the bionchus fioni 
winch pus IS exuding, to discover foreign bodies that are not opaque 
to loentgen rays and appi opi lately to tieat these vaiious conditions 
Since the inteipietation of the bi onchoscopic findings and the most 
appiopiiate treatment aie intimately dependent on a sound knowledge 
of thoiacic diseases, the bionchoscopist should have such knowledge 
Ideally, the bronchoscopist foi patients on whom thoracic opeiations 
are to be done should be the thoiacic surgeon wdio is lesponsible foi 
the deteimination of the types of treatment to be used and the best 
time 1 elation between them 

PREPARATION TOR OPERATION 

Postponement of Opei ation — ^Although surgical intei ventioii and the 
type ot operation may have been decided on, adequate pi epai ation often 
makes postponement important, apart from the peiiod needed foi 
diagnosis, obseivation and a possible tiial of nonsuigical treatment Tins 
statement, of course, applies only to those patients whose conditions does 
not demand prompt operation The results of surgical tieatment will be 
better in certain chronic diseases if patients wdio are “lun down” are 
given a preoperative period of rest in bed and adequate diet, if untreated 
syphilis IS treated, if the blood of anemic patients is lestored by iron or 
b} a series of blood transfusions, if a “foul mouth” is treated and if the 
W'eight of unduly obese patients, especially those wdio are even slightly 



C II h 97 


1137 


ILLX 1\DER-SURGIC IL DISUSES OI 


jspneic, IS lediicecl sIo\\I\ In piopci dieting rusiulai acnc oi othei 
aitaneoiis lesions that might icsult m wound intectinn ^Imuld be tieated 
^\lth sciubs with solt soap U S P (gieen soap), akoliol diessings and 
roentgen iiiadiation oi otliei appiopnatc tieatmcnl 

Patients who ha\e been stiictly confined to bed foi one oi moie 
months should he got out of bed into a chan loi giaduallv inci easing 
periods each da^ until aftci having sat up foi fifteen oi twain minutes, 
t ie}' are not di7/\ and the pulse latc is not much fasta than wdien 
tie}' w'ere m bed J his mild foini of exercise “tones up” the caidio- 
circiilator}' sisteni togethei with the lasomotoi mechanism, and tends 
toprepaie them loi the unusual demands tliat iiia} be imposed on them 
0} a major thoiacic opeiation Smnlaily, most patients who aie to 
haie a staged opeiation should be got out of bed foi ten oi fifteen 
minutes on each of the tliiec oi foin days pieeedmg the second and 
subsequent stages 

Hajoi opciations should not be peifoiined on patients who aie 
menstruating oi wdio aie about to menstiuate. as some diseases paiticu- 
ary tuberculosis, imdeigo an accession of activity at this time Also, 
e^tensIve operations should laiely be peifoimed dining an actively 
progressive phase of tubeiculosis Opeiation should be postponed if 
t ere has been a leceiit heniopt 3 sis (pioiided the seienty oi duiation 
0 the bleeding does not in itself demand suigical measuies), because 
J ood retained m the lung may cause, w ithin a w'eek oi so, an acute 
neiv aiea of disease wdiich might be aggiavated by immediate suigical 
intervention Lobectomy oi pneumonectomy should not be earned out 
''ithin two 01 tliiee months of a flaie-up of pneumonitis complicating 

bronchiectasis 


Postponement of opeiation is not justified in the case of a stiongly 
suspected carcinoma of the lung of which a definite pieopeiatue diag- 
nosis cannot be made bronchoscopically and by biopsy, piesumably 
^ecause the lesion is m a small bionchus that cannot be visualized 
lonchoscopically Since benign thoiacic tumors may become malig- 
nant or are likely to lead to vaiious complications through piessuie and 
generation from increasing size such tumors should be lemoved 
^^en though at the time they are causing no ti oublesome sv mptoms 
Intel val Betzveen Stages — Sufficient time should usually be allowed 
e ween the stages of staged opeiations foi the patient to recover lulh 
ni ail} debility oi increase in temperature the pievious ojieiation 
nia} hav'e caused The suigeon should make provision foi the tempo- 
rarily lowered resistance to tuberculosis (the “negative pliase’ ) tliat 
niay be assumed to occur aftei majoi opeiations by allowing an interval 
not less than three weeks between the stages of a thoracoplastv or 
ntliei majoi piocedure In clean wound cases the second and suli- 
^equent operative stages should be deferred until infiltration of the 
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wound has largely disappeared and until the incision is completely 
healed, dry and without any ciust When the absence of suitable pleural 
adhesions requires a two stage opeiation for drainage of a pulmonary 
abscess, not less than twelve days should be allowed for the gauze 
packing that has been placed against the parietal pleura to cause firm 
pleural adhesions In case an has entered the pleural cavity through 
a tear of the parietal pleura made at the first stage operation, the second 
stage should be deferred foi at least twelve days after complete aspira- 
tion or absorption of the air In case pleural fluid forms as a result of 
the gauze packing or of a pleural teai, the same rule as for air in the 
pleural ca\ity should be followed 

Aspiration of Au o? Fluid jiom Pleiual Cavity — The importance 
of gradual decompression of a pleural or pericardial empyema cavity 
by aspirations before surgical drainage is earned out is well known 
Positive pressure of fluid or air m the pleural cavity should similarly 
be reduced before any operation directly involving the pleural cavity, 
lung or mediastinum 

The greatly increased intiapleural pressure produced by any extra- 
pleural collapsing opeiation, such as thoracoplasty, m the presence of 
fluid or air in the pleural cavity exposes the patient to grave danger 
of cardiorespiratory decompensation The removal of only two ribs 
may cause rapid decompensation, especially after the intrapleural pressure 
is further increased by the variable shift of the mediastinum that occurs 
when the patient is placed on his back at the conclusion of the opera- 
tion In order to avoid this danger, fluid or fluid and air should be 
aspirated before operation, so that the intrapleural pressure is relatively 
low at the time of operation Further reduction of pressure by aspira- 
tion may be necessary during or immediately after operation and at 
intervals thereafter if the pressure should be laised by formation of 
pleural fluid When a thoracoplasty is to be performed on a patient 
with an undrained empyema cavity complicated by a bionchopleural 
fistula, the intrapleural pressure can usually be counted on to reduce 
Itself during operation owing to the discharge of air through the fistula , 
any fluid m the pleural cavity of such a patient should, however, be 
aspirated as completely as possible before operation so as to prevent 
the forcing of infectious fluid through the fistula into the lung or the 
drowning of the patient if large amounts of fluid are present 

Evacuation of Puhnonaiy Seaction ^ — The danger of bronchogenic 
spread of tuberculosis or of nontubeiculous pulmonary suppurative dis- 
ease as a result of stasis of sputum during anesthesia and during that 
part of the postoperative period when the patient is unwilling or unable 
to expectorate effectively is sufficiently great to make important the 
thorough evacuation of all free tracheobronchial secretions immediately 
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before opciation A nunibci of cases ha\c been lepoited in whicb 
patients with gieat amounts of pulmonat) secietions liom bronchiectasis 
or abscess ha\c diownccl duiing, oi shoith' aftei, opeiation ownng to 
the occlusion of laigc bionchi b\ secietions evacuated from tiie lesions 
during the opciation Ihe pi eopei alive mcasuics that should be used 
to make sine that tbe lung will be as fice as possible ot secietions at 
the time of operation depend on the amount of tbc secictions and facility 
with which the patient can loluntaiily e\pectoiate them Patients with 
abundant secretions fiom pulmonan abscess oi bionchiectasis should 
use frequent postural diamage foi davs oi e\cn weeks bcfoie operation, 
since the elimination of stasis of secictions tends to i educe the number 
of secretions foimed For this leason, tbe inteimittent oi continuous 
use of the Tiendelenburg position ot the bed foi se\eial dajs or w'eeks 
before operation and a series of bionchoscopic ticatments to shrink 
swollen mucosa and promote eiacuation ot secietions aie often valuable 
Immediately before opeiation the patient should evpectoiate all the 
sputum he is able to and, if neccssar)', use postural drainage Broncho- 
scopy immediatel} before opeiation is only rarely advisable 

Miscellaneous Maftas — An adequate fluid intake is especially impoi- 
tant on the day and night befoie opeiation The teeth should be 
brushed and a mouth w'ash used on the morning of operation, so as to 
reduce the dangei of the aspiration of infectious secretions from the 
mouth into the lungs Depression of the patient by a heavy sleeping 
potion should be avoided the night befoie operation Large doses of 
opiates before anesthesia are dangerous because they are generally 
depressing to the patient and tend to cause abdominal distention and 
to reduce or abolish the cough reflex during, and for some time after, 
operation Atropine should not be given unless theie are abundant 
thin pulmonary secretions or unless ether is to be the anesthetic agent, 
because atropine makes secretions viscid and, therefore, difficult to 

expectorate 

ANESTHESIA 

Since varying degrees of impairment of lespiratoiy function are 
caused both by thoracic lesions and by thoracic operations, anesthetic 
agents that produce the least possible impaii ment of respiratory function 
should be chosen when they do not present counterbalancing disadvan 
tages Assuming expert administration, cyclopropane is probably the 
best general anesthetic agent, m that anoxemia can be avoided and 
J'espiration is quiet Relatively minor disadvantages of cyclopropane 
are its narrow margin of safety, the danger of explosion, the moderate 
delay m the patient’s awakening and the occasional peiiod of excitement 
during awakening So that the patient will be aw^ake shortly after the 
completion of the operation, some anesthetists substitute nitrogen 
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emjnema witli a bioiKhoplcuial fistula is being diained ^\lth local 
anesthesia 

The loutinc intia\cnous administicilion of dextiose oi saline solu- 
tion 01 blood duinig opciation is ad\ isablc oiih wlien piolonged opeia- 
tions, such as !eiiio\al of laige neoplasms, jmcuiiioiKcioni} oi lobectomy, 
are contemplated In such cases an intiasciious cannula oi needle 
should be intioducLd into the long saphenous \ein at the ankle before 
the opeiation is begun -V cannula in a \ein ot an arm is hkeh to be 
disturbed In one of the smgeons dining opciations on the thoiax 

Aftei the patient lias anakened fiom gcncial anesthesia and has 
been placed on Ins hack with the table still m the 1 lendelenhmg position, 
he should be made to cough until all fice sccietions have been expec- 
torated or until the suigcon is satisfied that adeqiiatel} deep coughing 
Mill piodiice no expectoiation 

A. patient who has had an extensne thoracic opeiation should, if 
possible he tiansfeiied diicctl} fiom the opeiatmg table to his own 
bed lathei than to a stietchci E\ci) patient should have his shouldeis 
and arms protected In a iimned blanket oi sheet shawl befoie he leaves 
the operating loom to jouincj thiough lelatively cool and diaughty 
balls to his room A blanket that is meiely laid ocei the patients 
shoulders and neck soon becomes displaced, exposing him to danj,eious 
chilling 


postopi:kati\ E managewext 

Shock — Tuie suigical shock maj, of couise, occui dmmg ancl aftei 
thoracic operations and may he prevented oi treated as it is nhen it 
occurs fiom opeiations on any pait of the body Theie is, hone 
^ t}pe of shock the signs and the symptoms of winch aie simi ar 
those of ordinaiy shock, that is peculiar to thoiacic operations an 
IS subject to special pieventne and theiapeutic ineasuies r 

causes of this type of shock aie paradoxic lespiratoi} inocei 
the thoiacic wall with lesulting cardiorespnatoi}' incompeten 
anoxemia, accumulation of secretions in the ti acheobronc na 
resulting anoxemia, exhaustion from laboied hreat niit, ^ 

ineftective coughing and perhaps atelectasis, and un ue . 

Iring or mediastinum by the too gieat „,Lthoi acic 

thoiacic wall at any one opeiative stage, b} g ohfinmmal 

racking, by too tight a dressing aftei ' ^ ,,ound after 

distention, by accumulation of laige amounts nrtia- 

tltt of nbs or by collapse of the thorac.c “X.d 

pleural an or fluid space m winch the sj^ock i exults 

before operation by aspnation Exceptiona y, cannot 

l-on, too „egat„. a pressure m a pleural cav..y u, wluch .be 
expand freely because of stiffness of the Mscei 
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that are useful m preventing oi combating thoracic shock are considered 
in various parts of this article 

Determinations of the pulse late and blood pressure should be made 
every fifteen minutes immediately after large thoiacic operations and, 
after an hour or two, at increasing mteivals 

InUavenoiis Fluids — The loiitme mtiavenous administration of 
3,000 cc of fluid (alternately, 1,000 cc of 5 pei cent dextrose solu- 
tion, 1,000 cc of Ringer’s solution or of pltysiologic solution of sodium 
chloride and 1,000 cc of 5 per cent dextrose solution) after major 
thoracic operations piobably aveits, m a considerable number of cases, 
surgical shock that would be moie difficult to manage if the fluids were 
not given until signs of shock had developed Furthermore, the fluid 
provides foi a suitable water balance and foi excietion of at least 
1,500 cc of urine during the twenty-four hours succeeding operation, 
even if romiting should prevent the retention of swallowed fluids 
(Collei and Haddock^) If shock should occur and not be controlled 
by the fluids mentioned or by stimulating drugs, a blood transfusion, 
blood seium or acacia solution (if the replacement of blood elements 
IS not of primary importance) should be given 

Oxygen Inhalation — In Cameron Haight’s and my clinic oxygen is 
given routinely only aftei pneumonectomy, lobectomy, removal of large 
mtrathoracic neoplasms, esophagectomy and pencardiectomy Patients 
who have had other operations aie given oxygen if theie is slight 
cyanosis oi an appreciable degiee of dyspnea or if there aie any signs 
of shock or even merely a peisistently unduly elevated pulse rate The 
prompt use of oxygen under these circumstances, although often unneces- 
sai), does much, I believe, to pi event the development of serious com- 
plications, especially m “poor suigical risks” with a low respiratory 
reserve The simplest efficient method of administeiing oxygen is by 
way of a humidifier through an mtranasal catheter or a face mask 
An oxygen tent is moie cumbersome and has the further disadv^antages 
of making nursing care relativ'^ely difficult and of alarming certain 
patients because of their confinement in a small space The principal 
advantages of a tent are that its ice-cooled air is valuable to debilitated 
or febrile patients m hot weather, that a tent avoids the discomfort oi 
iintation of an mtranasal tube, of which occasional patients complain, 
and that the oxygen concentration of the air to be inhaled may be 
readily determined 

Paiadoxtc Rcspn atoi y Movement of Thoiacic Wall — Weakening of 
the bony thoracic wall by resection or division of the ribs or sternum 
results in an inward or paradoxic movement of the weakened part of 

4 Coller, F A , and Haddock, W G Water and Electrolyte Balance, Surg , 
Gynec 6. Obst 70 340-354, 1940 
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the thoracic wall dunng inspuation and an outwaid oi paradoxic move- 
ment during expiration Tlie undeil)'ing portion of the lung under- 
goes similar paiadoxic movements, and a mobile mediastinum swings 
from side to side as a lesult of the dificicnce m the intiaplcmal pressures 
of the two hemithoraces The eflecl of these phenomena is that ventila- 
tion and circulation of the lungs aic mcfiicient and anoxemia results 
D\spnea is usually a piomincnt s3miptom d he gi cater tlie dvspnea, 
the greater the paiadoxic moeement, with a lesulting \icious C3^cle 
^Mien the condition is se\eie, the s3mptoms are labored bieathing, 
c 3 anosis, rapid pulse, lowcied blood piesbure and inefficient coughing 
and expectoration A state of “thoiacic shock ’ then exists Obviousl3, 
the condition would not have arisen if the nuinbei ot iibs or the length 
of ribs removed had been sufficientl3'^ le'^t^leted to pieient lespiratory, 
and consequent circulator3'’, decompensation Measuies that are useful 
m overcoming the condition are administration of oxygen, a firm 
piessure dressing (preferabl3' applied with adhesne elastic straps) over 
the area of paiadoxic movement, having as its object a i eduction of 
the paradoxic respiratory excursions , the patient’s lying on the area 
of paradoxic movement, which tends to have an additionally stabilizing 
effect, aiding the patient to evacuate retained pulmonary^ secretions 
(see a subsequent section) in ordei to i educe dyspnea, \\hich in turn 
reduces the extent of paradoxic movement, blood transfusion, and other 
measures to combat shock In cases of exceptionally grave paradoxic 
movement the use of a Di inker respirator may be life saving 

Aspti ation of An oi Fluid fioiit Plemal Cavity Under this same 
heading m the section on preoperative care the importance of pre- 
operative aspiration of fluid or air has been discussed If, however, 
the signs of thoracic shock should occur during or aftei a thoracic 
operation when any air or fluid is still present in a closed pleuial cavity, 
the surgeon should suspect that the intrapleural pressure has been unduly 
increased by collapse of the thoracic wall Such an increase of intra- 
pleural pressure may occui when as few as one or two ribs have been 
removed The surgeon should, therefore, immediately determine the 
pressure of the air pocket with a pneumothorax apparatus, and if the 
pressure is higher than —■ 5 cm of water or, in some cases, — 10 cm of 
'rater, he should aspirate air If fluid but no air is present in the p eura 
cavity, the intrapleural pressure should be reduced by aspiration of most 
of the fluid Since the need foi reduction of intrapleural pressure is 
sometimes urgent, the surgeon should know before opeiation the exac 
position, in both vertical and horizontal planes, of an inti ap eura 
or fluid pocket 

The reduction of intrapleural pressure is equally' important in 
m which no air or fluid was present in the pleural canty' before opera- 
tion but in which air was introduced during operation uc i m ro 
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tion of an obviously occms dm mg any opciation m which the pleuial 
cavity IS opened , unless the lung is completely expanded by positive 
intrapulmonai y piessuie befoie the paiietal pleura is closed, air \m 11 be 
piesent in a closed pleural cavity The presence of a considerable 
volume of air m the pleuial cavity ma}' not be suspected m cases m 
which the suigeon hears only a little hissing of air which is being sucked 
thiough an accidental teai of the parietal pleura made m the course 
of a thoracoplasty or an operation for drainage of an abscess or w Inch is 
being sucked between the stitches used to close an open incision into the 
pleuial caMty The rapidity with which a large volume of an can be 
sucked thiough such small openings in the parietal pleuia is astonishing 
Prompt lecognition and aspiration of air that may be under positive 
piessuie aie Iife-sa\ing measures As immediate action is often neces- 
sary, theie lira} not be time for fluoroscopic study or the making of a 
roentgenogiam A large pneumothorax may be lecogmzed by the usual 
physical signs of pneumothorax A small pneumothoiax pocket, limited 
by pleuial adhesions, usually cannot be localized by physical signs but, 
if near the mediastinum and undei high positive pressure, ina) be as 
rapidly fatal as a large pneumothoiax of lowei piessuie If a small 
pneumothoiax which cannot be localized is assumed to be piesent, an 
aspiration needle should be intioduced into the pleuial cavity nr raiious 
places near the site of the tom pleura until the pneumothoiax pocket 
is found 

All opeiations involving the pleural cavitj and some extiapleuial 
opeiations on patients whose pleural cavuties aie not obliterated by adhe- 
sions result 111 traumatic pleuiitis and formation of varying airiounts 
of pleural fluid, with resulting increase in intrapleural pressuie An 
mtiapleuial piessuie, therefore, that may be satisfactorily low imme- 
diately after, or a day or two after, opeiation will use as pleuial fluid 
forms and may require i eduction b}' aspiration of fluid or of fluid and 
ail on one or more occasions A smiilai situation occurs if a post- 
opei ative henroi rhage takes place m the pleui al cav ity after , foi example, 
leiiioval of a mediastinal tumoi, although the bed of the tumor lira) 
have been entirely dry at the time the thoracic wall was closed 

The lungs of patients who have undergone open mtrapleuial opera- 
tions and who do not require a postopei ative therapeutic pneumothoiax 
should be expanded as quickly as possible eithei by the inflation of the 
lung by positive pressure iir the gas anesthesia apparatus befoie the 
incision m the parietal pleura has been closed an tight or by post- 
opei ative aspiration b}^ needle of all the air remaining m the pleuial 
cav ity at the end of the opei ation The evacuation of all pneumothorax 
an has the twofold advantage of preventing postoperative emphysema 
of the thoracic wall and of causing adhesion between the visceial and 
parietal pleurae which adhesion tends to prevent oi limit an emp^'enia 
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that might occui if the pleiiia weic infected When an cntiie lung has 
been reino\ccl and the thoiacic \\all closed without diainagL of the pleural 
caMti, the size of the pneuniothoia\. should be icgulated with the aid 
of the fluoroscopc and b\ withdrawal oi intiodiiction ot an so that the 
mediastinum is kept m its notmal position When inlcction of the 
pleural caMt} does not occui, a sleiilc exudate giadually fills tlie pleuial 
caiiti and eeentualh becomes organized Dining the peiiod ot foima- 
tion of the exudate, an or an and fluid may need to be aspuated from 
time to time in oidci to keep the mediastinum in its normal position 
The accumulation of wound seuim aftei pclIcardlectom^ ma} cause 
tatal caidiac tamponade As there is dangei of injiii) to the heart fiom 
needling of the space between the pectoiahs majoi muscle and the bare 
lieait in ordei to find a fluid pocket, piOMSion foi diamage of fluid 
aw 3} from the heart should be made at the time of operation, eithei 
b) deliberate opening of the incdiastinai pleura next to the heait oi, 
it the pleuial cavity is obhteiated by adhesions, by manual tunneling 
between the pectorahs majoi muscle and the thoracic W'all fiom the 
site ot the opening m the thoracic wall to the axilla Incidentally, with 
regard to the postoperative caie of pericaidiectomized patients, piompt 
'\enesection with removal of 500 cc or more of blood may be valuable 
It an atrophied injocaidium gives signs of being unable to function 
properly after the sudden removal of the thickened peiicaidium that has 


been constricting it 

An -Tight Tube Diamage of Pleuial Caizhy —Drainage of the pleural 
cant) after lobectomy or pneumonectomy for infectious pulmonary con 
ditions and after certain other interpleural operations calling for drainage 
requires careful control of the intrapleural piessure by adjustment of 
some tipe of appaiatus attached to a w'ater-seal bottle A very negatne 
intrapleural pressure should be avoided during the first postoperative 
daj^s because of the circulatory impairment that may result from su en 
traction on the mediastinum A pressure of 8 or 10 cm o water is 
safe during the first daj or two, and may then be gradua y owere 
to — -20 or even — 30 cm of water if advisable Cardiorespirator} is 
turbance, pam or pleural bleeding suggests that the pressure is too ow 

In drained pneumonectomized patients the intrapeuia pres 
should be so regulated that the mediastinum is kept at first approxi- 
matel} m its normal position, and later gradually drawn into tie p 
pleural cavity so as to help to obliterate it In drained lobectomize 1 
patients the remaining lobe should be expanded as W 
so that it will fill the space formerly occupied b} tie oie ^ ‘ 

tomoied and by adhesion of the expanding lobe to the paiieta p ^ 
reduce the extent of pleural surface susceptible to m ectio 
more, the expansion and adhesion of the remaining lobe ten 
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oS the stump of the bronchus of the resected lobe, thereby reducing the 
chance of formation of the bi onchopleural fistula 

Cessation of fluctuation of fluid in the tube near the water-seal bottle 
may be caused by a veiy low pressure, by occlusion of the tube bj 
exudate within it or by the covering of the inner end of the tube by an 
expanding lung oi a using diaphragm The tube should be kept patent 
m cases of lobectomy until the interpleural space is obliterated Unless 
absolutely necessar}^ the tube should not be lemoved for inspection until 
at least seven days after operation, because the lobe that has been caused 
to expand by the negative intrapleural pressure probably does not become 
sufficiently fiimly adheient to the parietal pleuia before then to prevent 
partial or complete collapse of the lobe when air at atmospheric pressure 
IS admitted to the pleural cavit)' on removal of the tube The same 
piinciple IS applicable to cases of simple empyema Empyema drainage 
tubes of the propei laige size and properly placed do not need removal 
for replacement or cleansing oftener than eveiy one or two weeks On 
these occasions the decrease in size of the empyema cavity should be 
determined by measurements, and the length of the tube should be 
checked so as to make certain that its inner end lies in the cavity, just 
beyond the parietal pleuia 

Evacuation of Pulmonaiy Seciehons — The importance of this sub- 
ject IS stressed by being considered undei both “Preparation for Opera- 
tion” and “Postopeiative Management,” and the dangers of stasis of 
secretions have been mentioned in various parts of this article 

Many measuies are available to piomote efficient evacuation of secre- 
tions If secietions are piesent in the pharynx during, or at the end 
of, the operation, they should be aspirated by the anesthetist As soon 
as the patient awakens fiom anesthesia and while the table is still m 
the Trendelenburg position, the patient should be directed to cough 
until he expectorates all movable secretions Until the patient is fully 
awake and able to cough efficiently, and perhaps during sleep the first 
day or two aftei opeiation, his bed should be kept in the Trendelenburg 
position (10 to 15 degrees) to piomote gravitation of secretions toward 
the mouth Patients who are able to expectorate more efficiently when 
lying flat or sitting up should be allowed to assume the optimum posi- 
tion if their general condition permits In some patients expectoration 
IS facilitated by posture on one or the other side, but no patient should 
sleep with the side of the secreting lesions uppermost, because of the 
danger that infectious secretions will gravitate to the dependent, unin- 
fected lung 

Heavy doses of narcotics should not be given, since they interfere 
with voluntary coughing and, therefore, promote stasis of secretions 
Heavy doses of opiates are likewise dangerous, as they obtund the cough 
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reflex Doses of opiates just suflicient to allay pain aie valuable in that 
efficient coughing is theieby favored 

A few deep bieaths follo'wed by coughing aie a simple and often 
eftective means of evacuating sputum The proceduie should be directed 
by a nurse oi a surgeon at regulai mteivals, the duiation of which should 
depend on the amount of sputum to be e\acuated Patients unwilling 
to take deep breaths may be got to do so by inhalation of 10 oi 15 per 
cent carbon dioxide m oxygen During coughing, the area ot the thoracic 
vail that has been weakened b) the resection ot a rib oi ribs should be 
supported by the hand of a nurse oi a suigeon Secretions that are 
too viscid to be expectoiated may be loosened by steam inhalations, 
by hot drinks and by such expectoiants as ipecac, iodides and ammonium 
chloride 

In spite of a trial of the various measuies suggested, some patients 
are unable to e^acuate their pulmonaiy secietions, which, if long retained, 
may lead to serious complications Aspiration, peihaps at intervals 
of two hours or more, by intianasal introduction of a catheter into the 
tiachea and bronchi accoidmg to the method desciibed by Haight, will 
prove invaluable m such cases In occasional instances, if this method 
cannot be carried out effectively, the bronchoscope should be used for 
aspiration of secretions and the shrinkage of swollen mucous membrane 
by direct medication with gauze applicatois 

Pam — Severe pain after most thoracic operations, even those i equir- 
ing very long incisions, is lare if the surgeon has been gentle while 
operating and if gentle retraction of tissues has been possible Small 
doses of opiates should keep the patient leasonably comfortable If the 
pain should be greater than the surgeon expects, the diessing may e 
found to be too tight or too loose The incision should be inspected in 
order to determine whether any stitches are too tight, whether the 
dressing is adherent to the incision and whethei there is an accumu a 
tion of fluid m the wound under pressure If a wound has been packed, 
undue pain may be caused by too tight packing The placing o a arge 
sheet of rubber dam between the packing and all exposed tissues at 
the time of operation and at successive dressings is one o t e m 
important means at the surgeon’s command to reduce the amount o 


postoperative pain , 

Since muscle spasm is a frequent cause of postoperatn e pain, c 
m the patient’s posture may prove useful If an incision las een 
m the region of the shoulder girdle, the shoulder o t ie si e 
on should not be touched m moving the patient e s lou e ^ 
on his side by traction on the hip and should be cause to s ^ 
being hfted by a hand placed behind the neck The pam due to spasm 


''s Haight, C Intratracheal Suction ,n the Management of Ponoperntne 
Pulmonary Complications, Ann Surg 107 21S-22 , o 
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of muscles incised in thoiacoplasty and othei paiascapular incisions 
may be overcome by passive cnculai movements of the aim two oi thiee 
times a day, beginning on the day following opeiation Within three 
oi tom days passive movements may be succeeded b} active movements 
These eaily movements have the additional achantage of preventing late 
limitation of movements of the shouldei gndle In some cases massage 
and heat are useful 

Abdominal Distention — Apait fioiii the abdominal discomfort caused 
by this condition it may be an important cause of d3spnea in joatients 
whose lespnatory leserve is ahead}' low It should be lemembered 
that lelief of the distention ma} pi ore to be an nnpoitant means of 
lelievmg dyspnea Acute dilatation of the stomach has been leported 
a numbei of times aftei thoiacic opeiations, its pioinpt lecognition and 
treatment aie life saving 

Emphysema of the Thoiacic Wall — ^^¥hen an} amount of air is left 
m the pleuial cavity aftei an operation m vhich the paiietal pleura has 
been opened, coughing is likely to dine some or larely, all the air 
out of the pleuial cavity into the tissues of the thoiacic wall When laige 
amounts of air entei the thoracic wall, the air usually moves to the neck, 
the head, the ai ms and the lowei part of the ti unk Only small amounts 
of an entei the mediastinum from the base of the neck Gieat presstiie 
on the mediastinal organs fioin mediastinal emphysema with lesulting 
dysphagia and cardiorespiiatoiy decompensation usually occuis only 
when an in the pleuial cavity is diiven diiectly into the mediastinuin 
through a tear oi an incision m the mediastinal pleuia or, mdiiectly 
fiom the lung, when communication has been made traumatically or 
suigically between a bronchus and the pulmonaiy paienchyma 

Emphysema of the thoiacic wall, head, neck and trunk is uncom- 
foi table but not dangerous unless the distention is so gieat that 
circulation and respiiation aie mterfeied with In this event, short 
decompi essmg incisions should be made in the skin and peihaps thiough 
the fascia covering the muscles Mediastinal emphysema of dangeious 
extent should be decompressed by continuous cup suction ovei an 
incision through the skin and cervical fascia m the suprasternal notch 

The simplest means of preventing great degrees of emphysema m 
the presence of a pneumothorax are air-tight suture of incisions nr the 
parietal pleura and the prevention of hard coughing after operations m 
which air-tight closuie cannot be effected If these means fail, pro- 
gressne emphysema can be prevented by aspiration of all air remaining 
m the pleural caruty In ceitain cases, however, maintenance of a 
pneumothorax is important, and the surgeon is then faced by the dilemma 
of choosing between loss of the pneumothoiax and progressive emphy 
sema, which, howerer, usually stops progressing m two or three days 
as a result of sealing by exudate of {he gaps in the parietal pleura 
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Oidinaiih’’, the extent ot cniph3seina ib cleteunined b} the \olume 
of the pneumothoiax but if an should continue to entei the pneumo- 
thorax from a tcai, fiom an mcomplctch closed mcibion m the lung, 
from a bronchoplcui al fistula oi thiongh an impel fectly closed incision 
in the thoiacic wall, the emplnsema ma\ inciease indefinite!) In such 
cases the amount and piessuic oi the iincuinothoiax must be i educed 
by frequent aspiialions of an by needle oi b) continuous aspiiation with 
an intercostal cathetei if the soutce of the an entciing the pleuial cavity 
cannot be checked 


Wound Jiifcctioii — Infection of laige thoiacic incisions m debilitated 
patients is rer) dangeious and may be fatal unless pioinpt tieatment 
IS instituted Infection of a paiascapulai incision and ot the great 
subscapular and axillai) spaces that aie continuous wuth the incision, 
such as may occui after a postciolateial thoiacoplast) , is especiall) gia\e 
An attempt to control such an infection b) reopening of an inch oi two 
of the incision and intioduction of a diainage tube is likel) to fail, 
because the tube will not diain the pus from paits of the subscapular 
and axillary spaces that tend to be shut off fioin the mam incision by 
the apposition of tissues In such cases the entire length of the incision 
should be reopened and the subscapular and axillai) spaces packed 
with gauze in which catheters or Canell-Dakin tubes aie placed foi 
intermittent instillation of antiseptic solution Other infected incisions, 
in which the extracostal tissues have been extensively sepaiated fioin 
the thoracic w^all duiing the operation, should be similaily tieated 
Infections that are apparently limited to the subcutaneous tissue 
should, of course, be treated by an opening of the infected pait of the 
incision only to the muscle fascia A collection of seium deep m an 
uninfected wound should be aspirated so as to prevent the seium from 
working through the incision to the skin, with resulting infection of 
the wound from organisms on the skin 

Miscellaneous Mattel s—lnzmons in the skin of the back take longei 
to heal solidly than do those, for example, of the anterior suitace of the 
abdomen If the stitches are removed on the sixth or se\ entli dai a ter 
operation, the incision should be supported by straps of flamed adhesive 

tape for at least tin ee or four days 

Fluids and food can usually be given much sooner to patients on 
whom thoracic operations have been done than to those w lo la 
undergone abdominal operations Patients with chronic thoracic is- 
^^se, especially those wdio are to have a staged operation, sioiic. je 
given iron and, in some cases, blood transfusions tor the anemia that 


IS usuall)'- present , , 

Apart from purely surgical considerations, the time w nci 
sliould spend m bed aftei thoracic operations depends on consukratiom 
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imposed by their particular diseases Tubeiculous patients who have 
been treated by majoi suigical operation should not be permitted to get 
out of bed as soon as their wounds have become solidly healed and the 
symptoms of active tubeiculosis have disappeared Such patients should 
be kept in bed undei a sanatoimm type of regimen for at least si\ 
months after operation and then, if the tuberculosis is apparently 
entirely quiescent, should spend from six to twelve months gradually 
increasing their physical activities before leturning to work Such a 
plan for convalescence is impoitant m gradually rebuilding the essential 
resistance to tubeiculosis The postoperative convalescence of non- 
tuberculous patients who have had long, disabling illnesses should be 
relatively prolonged, according to the needs of the individual pat’ent 
for gradual rebuilding of cardiac and lespiratory functional reserve 
and of muscles atrophied by long disuse 

CONCLUSION 

Close attention to the many important details of preparation of the 
patient foi thoracic operations and of postoperative care will be i ewarded 
by excellent clinical results that cannot be produced by peifect opera- 
tions alone 



PREOPERATIVE ARD POSl OPER \ fIVL C \RE OF 
PATIENTS WITH LESIONS OF HFART 
AND OF PERIC\RDIL\r 
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A discussion of the caie of patients wlio aie about to be earned 
through an opeiation on the hcait should include a consideration ot the 
heart beat or, more precisely, a consideration of lestoiation of the heart 
heat I need scarcely state the reason for this inclusion, because every 
one knows that the coordinated contractions of the heart can be lost 
during or after an operation on this oigan If one consideis restoiation 
of the heart beat, one must consider also lespiiation and the oxygen 
required to sustain life, because all thiee of these are joined together to 
do one thing, namely, to supply oxygen to the cells This is shown m 
the accompan3''ing chart 


PRESERVATION OF VITAL PROCESSES 

Oxygen, Respnatwn and Cvcidation — The distiibution of oxygen 
cannot be interrupted longer than a few minutes without destiuction of 
the respiratoiy center and other brain centers It is known that the dura- 
tion of this possible interruption is distressingly short if recover)' is to 
take place Data on duration with full recovery for human beings are 
scant Weinberger, Gibbon and Gibbon ^ have shown that cats tolerated 
anoxemia for three minutes and ten seconds without neurologic dis- 
turbances Permanent alterations were found if the peiiod of anoxemia 
was longer than this Perhaps it can be assumed that this period foi 
human beings is about five minutes A longer interruption leads to 
destruction of brain cells, adrenal glands and other structures Among 
these delicate neive cells or centers that die quickly from lack of oxygen 
IS the respiratory center, although it is not always more destructi e t lan 
other structures in the brain Mollison reported the case o a pa le 
whose heart had stopped heating for not less than thirteen minutes 
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lecoveiy ot lespuation This patient subsequently ^\as “moie or less 
unconscious, though he could recognize his mother now and then 
Foi ten days theie was iigidity ot the limbs, or choieic movements 
for thiity-six houis the scieaming nas almost continuous Foi about 
twelve days he had incontinence On September 15 |10 da}S after 

lesuscitation] he became \ei} violent, toie the bed-clothes, bit himself 
and spat On Septembei 22 he could sit up, he still had 

incontinence of mine The nenous system seemed normal He made 
e\entually a peifect lecoveiy and left the hospital on Octobei 19” I 
haAe obseived similar manifestations of cortical irritation in dogs aftei 
lestoiation of lespiration and the heait beat The one centei that seems 
to determine success or failure is the center of respiiation The other 
bi am centei s seem to be of less impoi tance Restoration of the heart beat 
is almost alu ays possible 
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RESUSCITATION 

This discussion on resuscitation applies to expeiiences occuiiing in 
the opeiating loom duiing induction of anesthesia, dm mg opeiation or 
immediately aftei operation has been completed If a breakdown in the 
oxygen system occuis when the patient is not m the opeiating room, there 
is little chance for success because of the time factoi The Bunker 
respii ator and the Alvan Bai ach chamber are useful only m the pi eseiice 
of circulation If the heart has stopped beating, there is no indication 
for any type of mechanical respiration by itself Mechanical circulation 
must be added to mechanical respiration The best mechanical de\ ice foi 
respiration is one that can delivei air or oxygen into the lungs m a 
manner that resembles normal respiiation as closely as possible Also, it 
must be designed so that the surgeon can expose the heart to piovide 
mechanical circulation - 

2 The need for mechanical respiration in the operating rooms of this institu- 
tion does not occur frequently, but when it does the stake is high The principle 
generalh used consists of compression of the chest according to the method o 
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Kestoration of the heait beat caiiies two lequirements that must 
be met foi success The biam and especiall} the respiiatory centei 
must be kept alne, and the action of the heait must be lestored The 
lattei without the forinei means failuie The chest is opened, the heait 
IS exposed and the cii dilation is piovided b)^ emptying the heart by 

the hand The circulation piovided b}-- hand is adequate to keep the 
brain alive ^ 

Restoiation of the heait beat without piesenation of the respira- 
tor} center is leadily feasible Almost any noimal heart that has not 
cooled can be made to beat This does not appl} to a heait that has 
eeii injuied b} disease One of tw'O conditions is encounteied One 
's standstill, the other is lentricular fibrillation Difterent methods of 
restoration are necessai} m these two conditions The eftectne 
methods for restoration of action ■when the heait is in standstill con- 
sist of guing oxygen and epinephrine to the heait muscle Oxygen 
js gnen by starting up the coronary circulation, which in turn is done 
y forcing blood from the heait into the pulmonaiy bed aorta and 
coronarv arteries by manual massage of the heait It is needless to sa} 

Schaefer and S\lvestcr The anesthetist also has equipment to inflate the lungs 

0X1 gen These methods are not adequate Unless respiratory function leturns 

in a few minutes, the circulation usuallj ceases and death becomes total 
m one in the experimental laboratorj'' working within the chest knows that 
seration must be perfectlj adjusted to maintain circulation If it is not properly 
3 justed, the heart fails The first time I used a mechanical respirator during 
Operation on a human patient was about four lears ago The incident, perhaps 
c first of Its kind is sufficienth unusual to report Mj patient had increased 
intracranial pressure from a meningioma arising from the tentorium He w'as 
1 aced in the cerebellar position preparatory for operation, and w'hen this w'as 
One his respiratorj rate fell to 5 per minute A ventricle of the brain was tapped, 
3nd when this w'as done the patient stopped breathing He w'as placed in a Drinker 
•■cspirator for one and one-half hours Respiration did not return The operation 
On the tumor could not be done with the patient in this respirator An intra- 
tracheal tube was inserted The respirator from the research laboraton was 
rought to the operating room and connected with the tube It delnered air 
Jthmically and intermittently to the lungs The patient was again placed in the 
cerebellar position, and the operation was begun Three hours later the tumor 
''3s removed As the w'ound was being closed, the patient began to breathe “on 
's own” He made an uneventful iecover 3 " This respirator used compressed air 
3rid Worked on the principle of the windshield wiper Recenth, Mautz has described 
3 respirator for attachment to the commonh used closed sistem machines for 
sdministenng anesthetic agents (klautz, F R A yiechanical Respirator as an 
djunct to Closed S'istem Anesthesia, Proc Soc Exper Biol &. Med 42 
0-192, 1939 ^ Resuscitation in the Operating Room, Bull Am A Nurse \nes- 
'ctists 8 13-18, 1940) It will find a useful place in e\er\ operating room For 
Operations on the heart and for resuscitation in all ti pes of operation, mechanical 
respiration through a face mask or through an intratracheal tube is essential 

3 In recent lears. Gibbon, of Philadelphia, has earned out iinestigations alone 
this line (Gibbon, T H , Jr The Alaiiiteiiaiicc of Liie During Expcnii ciiial 

(rootnotc coiittnucd on i cr* f'oni) 
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that a good supply of ox^^gen must be piesent m the lungs Dilute 
epmephime hydrochloride is injected into the blood through the right 
auricular wall In the presence of ventricular fibrillation a difterent 
procedure must be used Oxygen is essential, but epinephrine increases 
the irritability of the heait muscle and works against success Procaine 
hydrochloride is necessaiy foi success This is injected into the blood 
thiough the light auricular wall and moved around to the coronarj' 
bed b) massage Procaine hydrochloride reduces tonus, and the muscle 
feels flabby after its use It must not be used m excess An electric 
cunent is then applied to the ventncles thiough large electrodes The 
electric shock brings the muscle into a state of contraction This is 
followed by a state of relaxation, and if conditions are proper the fibrillary 
movements will not return Rhythmic, coordinated contraction is 
expected to appeal aftei fibrillary movements have been destroyed If 
the heait does not begin to contiact at this stage, epinephrine h>dro- 
chloride or calcium chloride is used * These drugs increase the tonus 
of the heart This increase m tonus can be readily felt by the hand 
Soon rhythmic conti action will start Not infrequently epinephrine is 
needed for a period of hours after the cooidmated beat has returned 
Epinephrine hydrochloi ide can be given intiavenousl}’’ as a drip with 
sodium chloride solution 

DefihiUatwn of the Human Venh teles -with Restotahon of Cootdi- 
mted Beat — I am recording two experiences with human patients in 
whom fibrillation of the ventncles w'as made to cease and a coordinated 
beat was established I believe these are the fiist such experiences 
with the human being to be lecorded in the medical literature Defibril- 
lation of the dog’s heart has been accomplished bj'’ Hooker ® and by 
Wiggeis ° 

REPORT or CASES 

Case 1 — E J, a Negro boy aged 9 years, had sustained an injury to the 
knee An operation was done to remove a fragment of bone from the knee joint 
on Dec 7, 1938 The anesthetic w’as nitrogen monoxide and ether The patient 

Occlusion of the Pulmonary Artery Followed by Survival, Surg, Gynec &. Obst 
69 602-614, 1939) He has been able to preserve the bram in cats by injection 
of oxygenated blood under pressure into a branch of the aorta In these experiments 
the blood was oxygenated outside the body m an atmosphere of oxygen 

4 Beck, C S , and Mautz, F R The Control of the Heart Beat bv the 
Surgeon, with Special Reference to Ventricular Fibrillation Occurring During 
Operation, Ann Surg 106 525-537, 1937 

5 Hooker, D R On Recovery of the Heart in Electric Shock, Am J 
Phjsiol 91 305-328, 1929 Hooker, D R , Kouwenhoven, W B, and Langworthy, 
O R The Effect of Alternating Electrical Currents on the Heart, ibid 10 
246-249, 1933 

6 Wiggers, C J Cardiac Massage Followed by Countershock in Reviva 
of Mammalian Ventncles from Fibrillation Due to Coronary Occlusion, Am J 
Phjsiol 116 161, 1936 
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was kept in a light zone of anesthesia throughout \t 9 15 the skin was being 
sutured, and the operation was pnctically completed The itspirator> rate was 
19 per minute At 9 20 the pulse suddcnh became weak Two minutes hter 
It was impossible to get the blood pressure, and the respnaton rate was 4 per 
minute At 9 25 the pulse could not be felt The pulse disappeared before respira- 
tion stopped An intratracheal tube was inserted after respiration ceased, and 
mechanical respiration was given b\ the respirator I came on the scene at about 
9 32 Dr J A Clark, the surgeon, stated tint the pulse had been absent for 
about S or 9 minutes This agrees with the time given b\ the anesthetist The 
preparation of the field was done bv Dr Clark while I put on gloves and a 
gown It required a few seconds to open the chest The heait was massaged 
several times with the pericardium intact The pericardium was then opened, and 
the heart was observed The ventricles showed i coarse, slow tvpe of fibrillation 
The heart was dilated, but tunc was not taken to determine the degree of dilata- 
tion Rhythmic compression and relaxation of the heart by hand w^as done for 
about twenty minutes This mechanical circulation produced a palpable pulse 
over the temporal arter 3 ' Never did the wink reflex return The pupils were dilated 
and failed to react Heat was applied to the bod) Five cubic centimeters of 2 per 
cent procaine hydrochloride was injected into the cavity of the right auricle The cir- 
culation was kept up by the hand Large electrodes were placed on the ventricle, and 
a shock of about 1 5 amperes was sent through the heart Three shocks were used 
They produced forceful jerks of the body The fibrillation stopped after these 
shocks The heart was in standstill The heart muscle was flabby m the hand 
and was without normal tonus Epinephrine hjdrochlonde was injected into the 
blood through the right auricle, and massage was continued The heart remained 
flabbv Five cubic centimeters of 1 per cent solution of calcium chloride was 
injected The heart remained flabby It was then noted that the lungs vvere 
not properl) inflated and that the tube was not in the trachea It is probable that 
It slipped out when the patient jerked with the application of the electrical shock 
The tube was inserted m the trachea, and the Imgs were properly expanded 
The interval between the shocks and the discover) that the ube was out of the 
trachea was about ten minutes There were a few moments of good 
then the heart started up m a forceful rhythmic contraction of 70 per mmute Tins 

occurred at 10 12 forty-seven minutes after the pulse disappeared The radnl 
ai lu iz, J nhcprved for twenty minutes, and the 

pulse W'as easilv naloable The heart was o 

^ ^ 1 rri, Inter became weaker There was no 

incision in the chest was closed The pulse , , , x- i j 

m me enesr wds e u 0 clock Necropsy showed no 

reflex at anv time The pulse disappeared at 
anatomic cause of death 

„ „ oatient is noteworthy in se\ eral 

Co?;tmenf— -The experience with tins panel v v . 

re 11 wns destio)ed, and a normal heart 
respects Ventricular fibrillation na j , , j i 

y vcnuie accomphshed on the human 

heat was obtained Inasmuch as this n as ae j 

as uuLdincu mtcrcst It emphasizes the viabilitv 

eing, It may have some ns absent fortv -se\ cn minutes 

of the heart m.scle The heart b 
It also indicates the need of oxygen beiore 
Ultimate success without respiration is not pos.iie 

, It? xenrs old, had ptosis of tJie right evelid fol- 
Case 2— F B, a Negro bo) f a hta for correction oi the pto'is was carntd 
lowing an injury Transplant o asci nitrogen monoxide •’nd ether \s the 
out on Jul) 27, 1939 The anest ^ about to he placed the operato’- 

!ast silk suture completing the operation 
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first stage concerns pieseivation of the lespiratoij centei and the other 
centers in the biain As soon as lespiiation ceases or as soon as the 
heart stops, oxygen must be mtioduccd into the lungs by mechanical 
respiration, hence the need for a satisfactory breathing machine It 
must also be moved from the lungs to the brain by aitificial respiration 
us involves exposure of the heart and manual massage When the 
emergency occurs, the anesthetist gets oxygen into the lungs, and the 
surgeon exposes the heart and takes care of the circulation This must 
e done probably within five minutes foi recoveiy The second stage 
IS not an emergency Time can be taken to call some one who knows 
low to restore the heart beat The heart can be made to beat if the 

pioper steps are taken These steps can be learned m the experimental 
laboratory 

CARE OF PATIENTS WITH ACUTE COMPRESSION OF THE HEART 

Acute compression of the heait occurs m the presence of purulent 
pericarditis, stab wounds of the heait, gunshot wounds of the heart, 
rupture of the heart following contusions, rupture following softening 
of the myocardial wall from disease piocesses, rupture of the base of 
the aoita, rapidly forming exudates and transudates and intrapeiicardial 
hemorrhage associated with the hemorrhagic diatheses It may also 
occur after operations on the heart and after other operations m the 
mediastinum, such as removal of a mediastinal goiter It may occur m 
patients with mediastinal infections, especially those which produce gas, 
and also in patients with pressure pneumothorax Each of these condi- 
hons kills the patient when the compiession on the right auricle or the 
venae cavae exceeds the pressure inside these channels The truth of 
this statement is obvious, because the walls of these channels jield to 
pressures within and without Noimally the pressure in these vascular 
channels is less than the pressure of the atmosphere, but when they are 
compressed by outside forces the pressure inside rises to about 15 or 20 
cm of water Venous pressure cannot rise much higher than this, and 
a compression force of 15 or 20 cm can be considered as the fatal ]e\cl 
The circulation can be restored by reducing the compression force or 
by raising the venous pressure Either or both of these factors can be 
used in treatment 

Pwnlent PeucajdRis—'The patient’s life is threatened because of 
1^'vo factors One is infection , the other is compression of the heart 
Usually the patient is critically ill, and the need for relief is urgent 
Relief can be given by raising the venous pressure \'enous pressure 
can be elevated by transfusion or b\ administration of de\tro=e or 
sodium chloride solution mtiavenoush This is done as a preoperatue 
measure My associates and I Ime demonstrated die clTcctneiics= of 
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this expenmentally When the diagnostic tap of the pericardium is made, 
It IS well to remove as much of the pus as possible If the pus is not 
too thick to come away, the compression can be reduced in this way 
U ith patients who are critically ill from purulent pericarditis it is 
advisable not to use large doses of sedative drugs that will depress 
lespiration before the operation is carried out The use of procaine 
h}dioch}onde combined with light nitrogen monoxide anesthesia is to 
be preferred 

After operation an oxygen tent is almost always beneficial The 
patient is usually most comfortable m Fowler’s position, but he should 
be encouraged to he on eithei side to improve drainage from the peri- 
cardial cavity It is not advisable to keep a catheter in the w^ound, because 
o\er a long period it can produce erosion of an auricle or a ventricle 
Irrigation with physiologic solution of sodium chloride is advisable 
The use of antiseptic solutions is not without danger I have shown 
that dilute solution of sodium hypochlorite U S P (Dakin’s solution) 
can produce chronic cardiac compression because of the formation of scar 
tissue Scrupulous aseptic technic is indicated to prevent contamination 
with other organisms Sulfanilamide should be used only for those infec- 
tions that respond to the drug The current literature w^arns against 
indiscriminate use of this drug 

Stab Wounds and Gunshot Wounds oj the Heait — In these injuries 
the patient’s life is threatened bj’- compression of the heart due to accumu- 
lation of blood m the pericardial cavity and by the injury to the heart 
itself Either may be fatal In the majority of cases the cause of death 
IS compression rather than intrinsic damage to the heart 

The treatment of these injuries concerns primaril)' the removal of 
blood from the pericardial cavity It also concerns the removal of a 
foreign body if one is present While the opeiating room is being made 
ready, it is advisable in selected cases to piepare a donor for transfusion 
or to take blood fiom a bank and give it If the circulation is almost 
gone, solutions of acacia, dextrose or sodium chloride can be given 
External heat should be applied As a rule the body becomes cool 
when the circulation is seriously impaired Sedative drugs may or may 
not be necessary Sometimes the operation is undertaken without anes- 
thesia because the patient is almost unconscious and the respiratory 
exchange is so reduced that sufficient anesthetic cannot be introduced 
into the lungs and the blood 

Sometimes a dry wound of the heart is produced This is possible 
if the knife blade penetrates the ventricle obliquely or if it does not enter 
the cawty of the ventricle These wounds are usually not recognized as 

7 Beck, C S The Effect of Surgical Solution of Chlorinated Soda (Dakin’s 
Solution) in the Pericardial Cavity, Arch Surg 18 1659-1671 (April) 1929 
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being deep enough to reach the cavity of the heait, and as a rule they 
heal without complication They may be complicated by infection and 
delayed hemorrhage In other instances the amount of blood shed into 
the pericardium does not produce seiious compiession of the heart If 
infection does not supervene, the blood is absorbed iMthout leaving 
adhesions and the wound heals without complication 

The postoperative care involves restoration of blood, administration 
of oxygen and rest The blood volume should be brought back to normal 
As a rule, an oxygen tent is beneficial If there is any blood in either 
pleural space, it should be removed The patient should be kept quiet, 
so that the mtracardiac pressure will not be elevated and produce 
additional tension of the sutuies Morphine can be used Infection is 
the most common and serious complication If it develops, drainage of the 
pericardial cavity is necessary If empyema develops it must be treated 
The patient should be kept in bed until the wound is firmly healed 


CHRONIC CARDIAC COMPRESSION 

This condition is produced by a variety of lesions, the most common 
of which are the compression scars referred to by most authors as con- 
strictive pericarditis or as Pick’s disease Tuberculous exu ate, pus 
containing the usual pyogenic bacteria, nonmfected transudates, exu ates 
and blood can produce chronic compression Tumors can compress the 
heart In a case reported by Crynes and Hunter « the heart v as 
herniated and strangulated through a rent m the parietal pericardium 
In all these conditions the venous pressure must be maintained at a hig i 
level It must be higher than the compression force on the heart Bloo 

letting in these condemns is contraindicated As ^ ^72st 

as much of the fluid as possible is removed from ‘he abdomen and 
This IS done by tapping the chest and abdomen and by using ^mret cs 
The removal ol flmd by tapping must be done 

pressure on the viscera is released the venous p^itient may 

fan. and aa d faUs f 

faint and become pulseless A tPe blood is reduced m 

happens Not infrequent y P ^ jj., protein and ^ itamins 

the presence of chronic compress! aPons should not be 

may be used to correct this denci } 
depressed by use of strong sedatnes 

w r Tnumatic Rupture oi the Pencardu n 

8 Crynes, S F , and Hunter, W One-Halt "iiear Period of Sur\i\'>l 

Study of Twenty-Two Cases "f re "Arch Int Med 64 71«-746 fOct) 1«3'5 
tn One Case, Renew of Literatu , j^„niatic Rupture of the Pericaraium, 
Hunter, W C, and Cranes, ^ ^ 1940 , ^ol 9, no 2 

M^od Concepts Cardio\'^sc Dis , 
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After operation for clironic compiession an oxygen tent is highly 
beneficial, especially for the fii st three to five da>s Morphine is used 
as indicated Food is given on the evening of the operation if the 
patient is not nauseated Food high in protein is given early Infusions 
are contraindicated Fluids by mouth are given as requested by the 
patient There is sufficient fluid in the body tissue so that administra- 
tion of fluid IS not urged The patient breathes more easily in a “semi- 
Fowler” position The position is changed frequentl} , so that the patient 
lies on either side In the presence of noninfected lesions drainage of the 
pericardial cavity or mediastinum to the outside is always contraindicated 
In the presence of compression scais I open the left pleural cavity so that 
the pericardium or mediastinum drains into the pleural cavity As a 
rule a few hundred cubic centimeters of fluid collects in the pleural cavity 
by the second or third day It is advisable to remove this fluid by tapping 
the chest with a needle In patients with chronic purulent pericarditis 
the drainage is to the outside as with acute lesions Chronically infected, 
thick-walled cavities have a tendency not to heal In such cases strong 
suction as advocated by Neville ° can be tried 

In my series of cases of chronic compression due to scars it has been 
noted repeated^ that the circulation improves at the time of operation 
when the scar is removed and that some of this improvement is lost 
subsequently I interpret this as due to dilatation of the heart and weak- 
ening of its beat One of my patients died eight hours after operation 
He had the highest venous pressure observed in mv senes (42 to 45 cm ) 
He also probably had the highest degree of compression in the 
series The scar was removed without complication The circulation 
improved while he was on the operating table The heart dilated because 
it was filled from distended veins At the same time the sustaining scar 
had been removed The degree of dilatation could have been reduced 
by blood letting It is to be held in mind that blood letting may be indi- 
cated after the removal of compression scars This is not necessary as 
a routine I have not done it in other patients, but I believe it might be 
beneficial in patients with a high degree of compression 

A consideration of some importance that I have brought out in a 
study of this subject both clinically and experimentally is the develop- 
ment of atrophy from disuse of the heart muscle after it has been com- 
pressed for a time The heart becomes smaller when compressed The 
size of the organ as a whole is diminished, and Dr J T Roberts and I 
have shown that the individual muscle fibers become smaller than normal 
Atrophy of disuse accounts for the prolonged recovery period not 
infrequently seen after operation In some patients it takes six months 

9 Neville, J V H The Treatment of Chronic Empyema by Continuous 
High Vacuum Suction, Surg, Gynec & Obst 69 240-246, 1939 
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or longer for the edema and ascites to disappear and for normal strength 
to be recoveied In other patients the ascites disappears in a few weeks 


GRAITS FOR REVASCULARIZATION OF THE M\OCARDIUM 

This operation is still in the expeiimental stage of its development and 
therefore calls for little discussion concerning the caie of patients One 
must deteimine how much revasculai ization has been produced bj the 
operation in patients on whom it has been performed If the amount of 
revascularization is sufficient to establish this operation as a therapeutic 
procedure, a number of suigical pioblems will need a solution One must 
view with caution the various contributions in this field of endeavor, and 
one must be as accurate in making conclusions as it is possible to be before 
applying any procedure to the heart for purposes of improving the circula- 
tion Recently Thompson placed talc in the pericai dial cavity of dogs 
and fourteen to twent)^-one da3^s later ligated both the light and the left 
coronary arteries near the aorta To quote the author, there was no 
longer any appreciable circulation of blood to the heart muscle thiough 
the normal channels, but the entire circulation was coming from the 
pericardium ” Thompson applied the procedure to 10 patients with 
coronary disease, and 7 received “very marked benefit Stanton, work- 
mg in my laborator}^ repeated Thompson’s experiments He was unable 
to demonstrate any beneficial effects from the use of talc The mortality 
following ligation of the descending ramus of the left coionaiy artery 
was the same in a series in which talc had been used as in a series of 
normal control experiments On the basis of our experiments my 
associates and I would not advocate this procedure 


OTHER OPERATIONS 

These include the Brauer operation of cardiolysis, decompression 
of the heart for cardiac hypertrophy, resection of nerv es or an^, 
pectoris and ligation of the “uncomplicated” patent ductus arteriosus 
I shall not attempt to discuss the preoperative and postoperative care 
in these conditions The achievements of Gross “ have place le 
patent ductus aiteriosus in the field of surgical treatment Aov tia 
success has been demonstrated, the operation to ligate the commun ca 
should be carried out 


10 Thompson, S A Development of Card.o-Pencarcha Adhesions Tol 5 

the Use of Talc, Proc Soc E.per Biol ^ed rIu OuS^ 

for the Relief of Coronary Artery Disease A Preliminarv Report, Quart Bull, 

Sea View Hosp 5 175-182, 1940 , t . n Pni^nt Ductus 

11 Gross, REA Surreal AW™* Msnaa=™cnt ot 

Arteriosus, New England J Med 220 510 h . > ,, Treated O'cs 

the Patent Ductus Arteriosus, with Summarj of Four Surgi 

Ann Surg 110 321-351, 1939 
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ELECTROCARDIOGRAPHIC OBSERVATIONS IN SURGICAL 
TREATMENT OE THE HEART 

These observations were made by Fed and Rossman The fol- 
lowing abnormalities were found during operation ventricular extra- 
systoles, ventricular tachycardia, deviation of the ST segment, auricular 
flutter, arteriovenous nodal rhythm with retrograde conduction, arterio- 
\enous nodal tachycardia, intraventricular block, transient ventricular 
fibullation, wandering pacemaker, changes in direction of the T wave, 
auricular extrasystoles and electrical alternans From the practical 
point of view it is desirable to know what can be done to prevent or 
reduce these responses and how to correct them after they appear On 
the basis of experiments from this laboratory, Mautz concluded that 
quimdme sulfate U S P given systemically lessens the danger of 
auricular or ventricular fibrillation and that piocaine hydrochloride 
applied to the surface of the heart reduces the irritability of the organ 
to external stimuli, such as those accompanying operation Recently 
Wiggers and Wegria have found these drugs effective in cases of 
ventricular fibrillation It has been the practice to give 02 Gm of 
qumidme sulfate the night befoie operation and two doses of 04 Gm 
each the morning of operation While the amount of drug did not pre- 
vent disturbances of rhythm in the patients observed by my associates 
and me, it was concluded by Dr Fed that the frequency of these dis- 
turbances was reduced after administration of the drug Two cubic 
centimeters of 5 per cent procaine hydrochloride was applied to the 
surface of the heart in some of our operations Experimentally this 
drug not onlv reduces the irritability of the heart to external stimuli 
but reduces the rate of the heart beat When injected into the blood 
stream it makes it uniformly possible to defibnllate the ventricles by the 
use of an electric shock, and it also makes the ventricles less susceptible 
to development of fibrillation Our use of this drug on the human heart 
has been somewhat restricted, because the drug in large doses makes 
the heart muscle flabby and reduces the tone of the muscle 

In several of our patients auricular fibrillation or auricular flutter 
developed during the postoperative period These complications appeared 

12 Fell, H , and Rossman, P L Electrocardiographic Observations m 
Cardiac Surgery, Ann Int Med 13 402-414, 1939 , Electrocardiographic Observa- 
tions in Cardiac Surgery, Mod Concepts Cardio\asc Dis, January 1940, 'vol 9, 
no 1 

13 Mautz, F R Reduction of Cardiac Irritability b> the Epicardial and 
Sj steniic Administration of Drugs as a Protection in Cardiac Surgery, J Thoracic 
Surg 5 612-628, 1936 

14 Wiggers, C J , and Wegria, R Attempts at Quantitative Measurements 
of Fibnllating Thresholds for Mammalian Ventricles, Am J Physiol, to e 
published 
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suddenly The pulse became veiy lapid, and the patient became weak 
To these patients a digitalis preparation (digalen) was given intra- 
venously It was injected thiough a hj'^podeimic needle into a vein m 
doses of 1 minim (0 06 cc ) per pound of body weight according to 
the method advocated by Pardee Thus a man weighing 150 pounds 
(68 Kg) should receive 15 cc of the diug If in thirty minutes the 
ventricular rate does not come down to the desired level, additional 
injections of 2 cc each can be given until the rate is normal It is to be 
borne in mind that the usual rate for a patient with fever is more lapid 
than for an afebrile patient, in the piesence of fever the desired rate 
may be 110 per minute rather than 80 If the patient has ventricular 
tachycardia after operation, quinidme sulfate should be given by mouth 
It IS interesting that m none of our cases did ventricular tachycardia 
develop If auricular paroxysmal tachycardia de\eJops, pressure over 
the carotid sinus is fiequentlj'- effective in terminating the attack If 
this is not effective, acetylbetamethylchohne hydi ochloride (mecholj'l) 
may be given subcutaneously in doses of 20 to 25 mg Auricular 
paroxysmal tachycardia did not develop m any of our patients 

IS Pardee, H E B Hipodermic Digitalis Preparations, J A M A 85 
1359 (Aug IS) 1925 



PREOPERATIVE AND POSTOPERATIVE 
MANAGEMENT IN GYNECOLOGY 


GEORGE H GARDNER, MD 

CHICAGO 

This contribution deals only AMth essentials in the caie of uomen 
subjected to gynecologic operations, it would not be practical to include 
every complication encounteied before and after such operations 

PREOPERATIVE PROBLEMS 

Histoiy — A caiefully elicited histoiy is essential If physicians 
listen attentively to a patient’s storj , they may be saved embarrassment , 
intelligent women literally direct the examiner to the site of their troubles 
Symptoms of systemic diseases may be unearthed, these may prove of 
greater importance tlian the gynecologic problems 

If opeiations on the lower part of the abdomen or on the genitalia 
have been done previously, one should obtain a report not only of the 
indications for and the findings at those opeiations but of the procedures 
performed, the pathologic diagnosis of tissues removed, the character 
of the convalescence and the benefits which folloA\ed 

Examxnatwn — Every patient should be subjected to a complete 
physical examination to establish the state of her geneial health and to 
determine whether there are contraindications to surgical treatment A 
clean specimen of urine should be examined, led and white blood cell 
counts should be made, togethei with an estimation of the concentration 
of hemoglobin, and blood should be diawn routinely for a Kahn test 
Most patients with myocardial damage can safely be subjected to 
major gynecologic procedures providing the heart is well compensated 
(Women with syphilitic aortitis and aortic insufficiency are poor surgical 
risks ) It has been my privilege to be associated with a group who are 
intensely interested in cardiovascular diseases , they believe that patients 
with complicating cystocele, prolapse, large abdominal tumefactions 
(either uterine or ovarian) or bleeding fibroids which lead to notable 
anemia are best managed if these extra burdens are eradicated Nephritic 
patients are dubious surgical risks 

Secondary anemia, the result of excessive uterine bleeding, is RC" 
quent Anemic women are more likely to have postoperative comphca- 

Fram the Department of Obstetrics and Gynecology, the Northwestern Uni 
rersity Medical School, and the Gynecologic Service of the Passavant Memoria 
Hospital 
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tions than are those who have noinial blood counts I use lepeated 
transfusions of citrated blood and prefer not to operate until the red 
blood cell count is over 4,000,000 per cubic millimeter and the value for 
hemoglobin is at least 10 Gm Restiiction of diet and medical measuies 
are helpful adjuncts, but improvement in the blood picture is slow, and, 
consequently, for very anemic women I am “transfusion conscious ” 
Diabetes, which can be controlled, is not a conti aindication to sui gical 
intervention The internist should manage the diabetic patient’s post- 


operative care 


A leukocj'te count over 12,000 pei cubic millimeter oi a tempeiature 
abov'^e 99 5 F demands careful investigation Occasional!} , fe^ ei and 
leukocytosis are caused by the genital pathologic condition If, on the 
other hand, they result from an acute infection of the upper lespiratory 
tract, elective operations should be postponed for two or three weeks, 
1 e , until the infection has subsided completely 

Elderly women may require abdominal operations for lemoial of 
ovarian tumors or carcinoma of the body of the uteius In addition, 
one sees many women m the seventh and a few in the eightli decade of 
life with a large symptom-producing cystocele or witli piolapse of the 
uterus Age alone is not a contraindication to surgical coirection of 
these lesions 

Patients with a profuse leukorrheal discharge are given douches n it i 
1 20,000 mercury bichloride two or three times dail.v for several dajs 
before plastic operations and perfeiably for twenty -four hours e ore a 


laparotomy 

Preparation for opeiation includes thoiough washing of the a omen 
and vulva with soap and winter and careful shaving ot these areas 
cleansing tap water (not soapsuds) enema is given late in t le a 
of the day before operation A high carbohydrate hqui^ let is p 
for the evening meal before operation A good mg it s s eep is 
by administration of a hypnotic, usually one of the bar iituia es 
minutes before the anesthetic is to be started, a hypo ermic injec 
of % gram (0 015 Gm ) of morphine sulfate and Koo 
of atropine sulfate is given to patients on whom ai omnia c 
are to be performed. V. gram (0 01 Gm ) of morpb.nc s..»alc « dr dre 
atropine sulfate is all that is usually needed before p astic ‘ 

I have been pleased rvith the preoperative 
selected patients by rectal administration of avertin in amv 
I havre not considered it advisable to use tins drug as a ^ 

The usual anesthetic is ethylene, supplemented, ^ 
a small amount of ether Mercresin " is used to prepa 


^ ■f rvrsrf ^cco^clT^^ cr<. ^ 

1 Mercresin tincture (Upjohn) contai P ^ 

and 1 part of orthohj drovv phenv Imcrcuric chloride m 1 OhO part 

containing 50 per cent alcohol and 10 per cent acetone 
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I,oOO cc of fluid IS ad\isable As soon as nau'va o,A vomiting have 
disappeared, fluids are allowed orally, water 3*^ J ki art given first 
Caution must be exercised so that the stomac’ <’< c= ’^ot breome over- 
distended In many instances, after abdo mna! lo- intravenous 
administration of 1,000 to 2,000 cc ot fluid is des ah. en d < div alter 
operation 

Solid food IS allowed as soon as the patient v. - 1 . n In tnc ab^fnee 
of nausea, vomiting and distention the patient v h. t- rc f f nnuted to 
determine what she eats and drinks 

For many }ears it has been m} privilege o ..e a- oi uted with 
Dr Arthur H Curtis, chairman of the departmint or oh-t" tries and 
gjnecology at the Northwestern Univer^it} Medial ‘'thool I rom 
Dr Curtis I learned a technic for managing the hiaddfr whieh seems 
supenor to other methods Before I emploved thn terhnu 10 per cent ot 
ni} patients had postoperative complications retr rable to the unnar} tract 
Toda}' p3'’ehtis and pj elonephritis have been eliminated trom m> post- 
operative worries, except m patients who have had previous renal 
intection or have sustained ureteral injurv' at the time or operation 

Patients are cathetenzed as often and as long as is necessarj I 
do not catheterize after a stipulated number ot hours, the reasons 
for catheterization being (1) relief of discomfort m the lower part ot 
the abdomen and (2) prevention of overdistention of the bladder 

Patients receiving intravenous fluid are cathetenzed when 1,500 cc 
has been administered, after administration of this amount of fluid 
there is usually about 300 cc of urine m the bladder Others are 
cathetenzed earlier, i e , as soon as thej' have distress referable to the 
bladder IMy criterion of overdistention is the presence of more than 
dSO cc of urine in the bladder One should beware of overflow from 
a distended bladder , this is characterized by frequent urination m small 

amounts 

Ev'en after major operations, patients maj' be allowed out of bed, 
some succeed in urinating when permitted to use a commode Alter 
^ost abdominal operations, spontaneous urination starts on the second 
or third daj After many plastic operations, particularly those v Inch 
include correction of a c} stourethrocele, the patient ma) be unable to 
nrinate for a week or ten dajs 

It IS impossible to catheterize a woman repeatedlv without intro- 
ducing bacteria into the bladder However, cjstitis occurs most o ten 
t^hen the bladder has been traumatized, this permits bacteria to invade 
the mucosa A frequent tvpe of postoperative trauma to the bbddcr 
IS Overdistention, hence the care to prevent accumulation o’ more ti 
^50 cc of unne Residual unne, which remains alter inco'upktf 
emptving of the bladder, is an important laclor m the procmc. n ’ n' 
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inflammations of the urinary tract Consequently, the second important 
step m the Curtis management is to prevent accumulation of residual 
urine When a patient starts to void spontaneously, she is catheterized 
for residual urine At first this must be done after each urination 
Later, when the residual urine is less than 50 cc , she needs to be 
catheterized for residual urine only once or twice daily, this follow-up 
must be continued not only until the residual urine amounts to less 
than 15 cc on two successive days but also until it is grossly clear 

Employing retention catheters after pelvic procedures tends to give 
the operator a false sense of security The catheters are prone to 
become displaced or plugged by debris and may not empty the bladder 
completely They should be irrigated frequently and the urine kept 
strongly acid if one expects to prevent obstructing deposits of uiinary 
salts After a retention catheter has been removed, it is vital that the 
patient be catheterized until the residual urine is grossly clear and is 
less than 15 cc on two successive days 

If a patient has been catheterized once oi twice after operation, I 
do not believe that the bladder is infected, and, m consequence, it is 
not necessary to check for residual urine However, if she has been 
catheterized more than three times the bladder is potentially infected, 
and residual urine must be removed Occasionally, despite such manage- 
ment, I encounter pyuria and cystitis In recent years I have been 
gratified by the rapid improvement m infections of the lower part of 
the urinary tract following administration of sulfanilamide, e g , 10 to 
15 grams (0 65 to 097 Gm ) of the drug four times daily, together 
with an equal amount of sodium bicarbonate In my experience, 
sulfanilamide is the most effective antiseptic for the urinary tract, 
unfortunately, some women do not tolerate it 

Relief fiom Pam — Comfort and quiet epitomize the ideal post- 
operative management of patients During the first forty-eight hours 
after operation I employ liypodermic injections of morphine sulfate, 
% or % gram (001 or 0 015 Gra ), codeine sulfate, 1 or 2 grams (006 
or 0 12 Gra ), pantopon (a mixture of hydrochlorides of opium alka- 
loids), % gram (0 02 Gm ), or dilaudid hydrochloride, %6 or jis gram 
(3 7 or 18 mg ), as often as is necessary for comfort Nurses are 
warned to be sure that the bladder is empty before giving opiates to 
relieve pain m the lower part of the abdomen After the third day 
one can usually control discomfort with acetylsalicylic acid When food 
and fluids are taken readily, sleep is induced by h}''pnotics, e g , pheno- 
barbital, sodium amytal or pentobarbital sodium For apprehensive 
patients I sometimes use 15 to 20 grams (09 to 12 Gm ) of chloral 
hydrate with 60 to 90 grams (3 88 to 5 82 Gm ) of sodium bromide 
given by rectal instillation Not a few women obtain relief and relaxa- 
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tion from taking 1 drachm (4 cc ) of elixir of plienobaibital thiee or 
four times daily duiing most of then slay m the hospital 

Voimtmg — It is to be expected that most patients will ha\e nausea, 
with or without vomiting, for twelve to twent} hours after inaior 
operations During this time fluids by mouth are forbidden Occasion- 
ally a vomiting patient is given S to 10 ounces (240 to 300 cc ) of \\arin 
soda water by mouth to promote spontaneous gastiic latage 

If vomiting continues after twenty-foui hours or if distention of the 
upper part of the abdomen is recognized during tbe early postopeiatne 
days, there is no therapy which equals a Levine tube with continuous 
suction to keep the stomach empty When continuous gastric suction 
IS being employed, fluid balance and “blood cbemistiy balance” must be 
maintained by intravenous administration of fluids 

Bowel — Many patients are bothered b}' mild gas pains on tbe 
second, third and fourth days aftei abdominal opeiations Within 
seventy-two hours after an abdominal operation decided relief from 
these pains is to be expected, a rectal tube aids m elimination of flatus 
Employment of dry heat to the abdomen, preferably by means of a 
cradle for an hour three times daily, not only hastens wound healing 
and tends to make patients more comfortable but reduces the incidence 
and severity of postoperative gas pains 

When food and fluids are being enjoyed and retained, usually on 
the second or third day after operation, ounce (15 cc ) of liquid 
petrolatum or of petrolagar is given night and morning B} tbe fourth 
evening, if there has been no bowel movement, 4 ounces (120 cc ) of 
olive oil is administered as a rectal retention enema On the mornm,,, 
of the fifth day, if there still has been no elimination, a waim tap water 
(not soapsuds) enema is given Thereafter, if defecation does not occui 
in forty-eight hours, the rectal instillation of oil and the tap \vater enema, 
if necessary, are repeated 

Wounds — ^Abdominal Wounds Laced corsets of adhesue tape are 

Used routinely after abdominal operations These corsets ha\ e mam 
advantages over =trips of adhesive tape Since the\ arc ace , 
amount of tension on the dressings can be regulated, depending on 
the patient’s comfort and the degree of abdominal distention \lso, 
the abdominal dressings can be changed as frequenth as necc .ar\ 


out discomfort „ _ , 

During the evening of the day of operation, the a lesne ^ ‘ 
unlaced and most of the abdominal dressings arc rcmo\ed , a heat crad t 
.s placed over the entire abdomen This apparatus consists oi a dome- 
shaped metal reflector equipped with se\eral 60 watt lu s ^o t lat ^ 
heat may be applied to the abdomen It is nw desire m u-mg 
cradles to apph sufficient heat so that the patient w coi 
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but not enough to cause discomfort or perspiration Abdominal heat 
cradles are used for about one hour three times a da)^ throughout the 
stay in the hospital 

Abdominal cutaneous incisions are appioximated with silver clips 
These clips are loosened after forty-eight hours and removed after 
ninety-six hours, the abdominal incision is then splinted by many 
“butterfly” strips of adhesive tape which extend from one side of the 
abdomen to the other, across the incision I do not believe that abdominal 
incisions become infected in the patient’s room if the edges of the skin 
have been accurately approximated in the operating room, even though 
dressings are removed and the heat cradle is applied as early as eight 
hours after operation 

Adhesive coisets need to be removed and new ones applied at least 
once during the hospital stay Patients wear these corsets for approxi- 
mately three weeks after operation and removi-e them at home At the 
end of tliat time, if the wound is perfectl}' healed, thev are permitted to 
have tub baths, thereaftei the bridges of adhesive tape acioss the incision 
loosen lapidly and aie removed 

Special surgical gaiments are not recommended after loutine abdomi- 
nal operations Patients aie told that tliey may wear whatevei is com- 
fortable, whether it be a gartei belt, a “two-way stretch,” a corset or 
nothing 

Vaginal Wounds After vaginal operations di} heat is applied to the 
vulva by means of lamps and reflectors The heat is used three times 
daily for an hour if comfortable If theie is notable swelling or pain 
in the perineal wounds, hot wet dressings give relief 

After uiination and defecation the vulva is iiiigated with a weak 
potassium permanganate solution Vaginal douches aie not needed 

Silk sutures are remov^ed from perineal wounds eight to tw^elve days 
after opeiation, nonabsorbable sutuies are remov'cd from the cervix 
sixteen to twenty days aftei amputation operations 

Gciietal Activity — The patients’ comfort is the chief indication for 
an increase in their activities They are allowed to have the back rest 
elevated whenever they wish They may be out of bed as soon as they 
desire, as a rule this is six or seven days aftei opeiation More activity 
is encouraged nowadays than foimerly If a patient has an unexplained 
fever it is my practice to keep her in bed If there has been a normal 
course, I encourage women to be out of bed eai 1)’’ and to start walking as 
soon as they feel able 

With this routine most patients subjected to lapaiotomy, whether 
the operation is a replacement of the uterus or a total hysterectomy, leave 
the hospital in ten or twelve days 
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Their actnih al home is go\cincd entirely by then geneial sense of 
well-being lhe\ nic told that the} may be as active as they wish, so 
long as the} stop and test whenexei they begin to be tiled I caution 
them that then coinalcsccnee will be casici if they avoid oveifatigue, 
they will become noimal moic lapidly if they are not too ambitious and 
arc willing to increase then actnities gradual!} Most patients return 
to their usual occupations about siv uecks after major surgical 
procedures 

rosi orrit \Ti\ c complicvtions 


After major g}nccologic opciatioiis one expects a modeiate elevation 
ot temperature, with the peak occuiiing on the second and thud post- 
operatne da}s A use abo\c 101 F is not anticipated j\Iy patients 


are usual!} afebrile b} the fifth da} 

Although the pulse late frequent!} langes between 100 and 120 for 
a few hours after opeiation, it should soon become stabilized A marked 
disparit} between the pulse late and the temperature curve is as a rule 
of serious significance I expect the pulse rate to follow or fall below 
the tempeiature cur\c In the gjmecologist’s patients, postopeiative 
tachycardia is usual!} caused by shock, dehydration, anemia or infection, 
digitalis IS raiely indicated 

Vomiting should stop within eight to twenty hours aftei operation 
A continuation of \ omiting on the second and third days must be looked 
on with concern , a Levine tube should be passed 

Although most patients have some discomfort from gas pains, nota e 
distention of the abdomen is not anticipated 

Pam during the first forty-eight hours can usually be controlled y 
an occasional hypodermic injection of morphine sulfate, 
pantopon (a mixture of hj'^drochlondes of opium alkaloi s) or ^ ^ 
hydrochloride Consequently, severe pain that requiies frequen^ 
repeated hypodermic injections oi necessitates their contmua ion a 


the second day may be significant 

The unfavorable signs and symptoms which I encounter are un ue 
rise of temperature, fever protracted beyond the fifth ay, ^ ’ 

continued vomiting, abdominal distention and severe or protracted p 
The surgeon should be certain that his own house is m ^^^er before 
searching elsewhere for the explanation of a patients failure o 
satisfactory convalescence Most postoperative comp ica 
the operative field or result from some abnormal situation at the 


operation ^ , , 

Shock— 1 rarely see shock It may occur on the 
Is a result of undue intra-abdommal trauma or excessne eti„]ene 

The best treatment of shock ts .ts avotdance, vm . bj 
supplemented by ether as the anesthetic, by gentleness m mainpula 
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of tissues, by accurate hemostasis and by avoidance of abdominal 
operations on markedly anemic patients and patients with active pelvic 
infections During anesthesia the patient’s pulse and blood pressure are 
recorded frequently , if the pulse becomes increasingly more rapid and 
the blood pressure falls, ephedrine may prove helpful After the return 
from the operating room the usual measures for combating shock should 
be instituted, viz, application of exteinal heat, elevation of the foot of 
the bed, intravenous administration of dextrose and transfusion of 
citrated blood, together with an adequate supply of oxygen often sup- 
plemented by ventilation with caibon dioxide and oxygen In the 
presence of unexpected shock one must ascertain whether there is con- 
cealed hemorrhage 

Wounds — It IS not uncommon to find tin)'' areas of softening in 
abdominal incisions after two, three or even foui weeks They are rela- 
tively painless and are blue, fiequently they evacuate a few drops of 
bloody or oily fluid This phenomenon seems to result from softening 
of the catgut in the subcutaneous fat, although annoying, it has no 
practical significance 

In the presence of sustained or unexplained fever the abdominal 
incision IS searched for signs of infection, viz , redness, fulness, undue 
tenderness oi fluctuation When an infection of the abdominal wall is 
recognized, continuous hot wet dressings are applied, the margins of 
the skm are spread only if there is localized bulging with fluctuation 
Promiscuous probing of abdominal wounds in a search for accumulations 
of pus IS ill advised 

Bleeding from an abdominal wound six, eight or ten days after 
operation is said to be indicative of disruption of the abdominal wall 
My experience with ruptured incisions is so limited that I cannot 
verify the significance of this symptom 

Infection in vaginal wounds, whether in the peiineum, m the anterior 
vaginal wall or m the vault of the vagina, is to be expected when there 
are undue pain, fever and leukocytosis Examination may reveal marked 
tenderness, induration, bulging and fluctuation at the site of the infec- 
tion It IS my practice to apply hot wet dressings or to open areas 
of bulging and thus establish free drainage The majority of these 
accumulations spread the suture lines and drain spontaneously 

Peritoneum — Peritoneal inflammation may be limited to the pelvis, 
or peritonitis may involve the entire abdominal cavity If inflamma- 
tion is limited to the pelvis the symptoms consist of pain and fever , the 
physical signs include distention of the lower part of the abdomen, tender- 
ness and rigidity, together with marked pelvic tenderness, elicited on 
bimanual palpation Treatment consists of administration of sulfanil- 
amide m large doses, with forced fluids and sedatives as necessary for 
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rcliet of pain A nioclificd Fow lei's position is desirable, and hot wet 
packs aic used contimioiish O'vci the lowci pait of the abdomen Tians- 
tucions <:hoiild he p\cn if iheic is notable anemia Usually fluids and 
lood can be taken In mouth 

Gcneiah/ed peritonitis is one of the moic ticquent causes of death 
altei gMiccoloijic opciations Its pitseiicc is to be suspected m a patient 
nith hiqh le\ci and a pulse which is npid tin cad) and out of propoi- 
tioii to the febiilc ics]ionsc, the lcukot\tf count may be high m favorable 
cases and low m patients with a pool piognosis, the tongue is dry, 
the Jacics is hippociatic comiting. abdominal distention and ileus are 
present 'Ihe management of pciitonitis is discussed elsewhere m the 
s\inposium tieatment includes continuous iwe ot the Levine tube 

adiniinstiation of fluids mtiacenousK to maintain blood chemistry and 
fluid balance ficc use ot tiansfusions, intiamusculai injection of azosulf- 
ainidc f ncopi ontosil , disodium 4 -sullamidophcm 1-2 -aro-/ -acetylamino- 
F-lw dio\} naphthalcne-3^6'-disulfonate) and sufficient morphine for rest 
A rectal tube is desirable, but cathaitics are not indicated, and frequent 


stimulating enemas should be acoidcd, they aie exhausting 

Pelvic Cell Ilia) Tissues — Occasionally I observe fever followung 
abdominal oi extensne plastic operations wdien there is no obvious 
explanation foi it The patients may not be uncomfortable, although there 
IS usiiall} more pch ic tenderness than one anticipates after uncomph 
cated major suigical proccduies Some hare brawmy induration in t e 
broad ligaments and paravaginal tissues, without fluctuation or sub- 
sequent drainage of pus For this group, pelvic heat therapy is indicated, 
gn en eithei by diathermy or by the Elliott method 

In another gioup there is no palpable brawmy thickening, an tie 
inflammation seems to be restricted to the veins The leukocyte count is 
usually low’’ One may be unable to substantiate a diagnosis o peiic 
thrombophlebitis until there is extension of the process into emora 
vessels or until pulmonary symptoms of embolism intervene 

Veins— 1 urge patients to move about early in their convalescence 
and encourage them to be out of bed by the fifth, sixth or seventh ay 
On the other hand, absolute rest in bed is desirable ^ 
in whom thrombophlebitis is suspected As a prop ly actic measur 
against phlebitis large doses of thyroid may be given to wmmen m\\ i 
postoperative phlebitis may be anticipated (chiefly because 
anemic, asthenic persons with marked varicosities in tie owe 
ties) I prescribe 5 grains (0 32 Gm ) of thyroid pei day for sercr^ 
before operation , the same amount is given after opera ion, 
food and fluids are tolerated 

Pulmonary embolism is the tragedy of pelvic surgen Tins complica 
tion IS observed in three forms, viz , small emboli v it i « nc 
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few physical findings, large emboli, with which there are classic pul- 
monary findings but from which the patients recover, and, finally, fatal 
emboli, with sudden death usually eight to twelve days after operation 
Femoral thrombophlebitis is one of the most annoying complications 
which I see It usually attacks a patient with previously unexplained 
fever, putting in its appearance during the thud postoperative week 
It IS said that femoral thrombophlebitis is rarely complicated by pul- 
monary embolism, whereas emboli usually arise from ci)^ptic pelvic 
thrombophlebitis During the past year I have been favorably impressed 
by the addition of high voltage roentgen therapy over the involved area 
to the usual methods of treating femoral thrombophlebitis, viz , rest in 
bed, elevation of the leg, application of cotton at ound the leg and employ- 
ment of dry heat Irradiation seems to shorten the course of the disease , 
the patients become afebrile within a week , swelling of the leg subsides 
rapidly, and pain also disappears promptly I insist on rest in bed 
until there has been no fever foi five days, and then activities are slowly 
increased as determined by the amount of edema when the leg is in a 
dependent position I also advise use of an elastic stocking and expect 
it to be worn foi at least six months 

Uitnaiy Tiact — A satisfactoiy method of managing the bladder has 
already been described, the value of sulfanilamide in eiadicating infec- 
tions of the bladder has been mentioned 

If theie is vaginal drainage of urine, it may be due to a leak from 
the urethra, the bladder or a ureter Many urinary fistulas close spon- 
taneously However, if they fail to heal after several weeks, one should 
determine their exact location and eventually correct them surgically I 
am not impressed by plastic operations for the repair of ureteral 
fistulas, nephrectomy is usually necessary 

Gastrointestinal Tiact — Vomiting that continues moie than twenty- 
four hours after operation should be considered an indication for use 
of a Levine tube This should be used continuously until the stomach 
empties normally If one employs a Levine tube in this manner, marked 
distention of the stomach will be avoided 

Ileus after gynecologic operations usually results from peiitonitis 
Rarely is it of the adynamic type for which pitressm is helpful 

Intestinal obstruction is an infrequent complication It may be difficult 
to differentiate an obstruction from ileus which is part of a generalized 
peritonitis, the treatment, however, is the same On the other hand, 
intestinal obstruction may occur many years after pelvic operations I 
am told that gynecologic operations are the most frequent source of 
intra-abdommal adhesions which eventually produce organic obstruction 
Fecal fistulas may be abdominal or -vaginal Abdominal fecal fistulas 
are seen most often aftei difficult operations for removal of residues of 
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aprcMOUs pchic infoclion complicated i)\ a lubo-o\anan abscess Most 
ol these fistulas ansc fiom adhcicnl inflamed poi lions of the sigmoid 
flexure ol the colon Coiiscqueiith , 1 ad\oeate loutine drainage foi 
e\cr\ patient fiom \\hom a chionic tubo-o\anau oi an ovaiian abscess 
has been rcmo\cd Sigmoidal fistulas of this t\pe iisuall} close spon- 
taneoush \ agmal fecal fistulas au usualh of sigmoidal oi icctal origin, 
rare!} do the} ongniato in the small bowel Often tlic) aie complications 
ol a se\cic pchic inflamiiiaton ic.ietion in the opeiatue field They 
usuall} close sponlaiicousl} 


I'aginal Dhcdiuq — \"agiii il bleeding lollouiiig g\necoIogic operations 
rare!} arises m the pciiiieum OecasicMialh it may appeal from a suture 
line in the aiiteiior \ agmal wall or fiom the \ agmal eault aftei hyster- 
ectoni} Such bleeding as a lulc i'- not ahiming It tends to slop 
spontaneoush II it is proti acted oi iin<lnl\ pioluse, ligation ot bleeding 
points and reapproximation oi imuusal maignis is indicated 

After cauteriratioii of tbe ecieix it ii not nneomnion to encounter 


bleeding on the tenth to the font tee nih da\ Occasionalh this bleeding 
IS free It lesults from a slough ot ti''''Ui s, attempts at suturing are not 
to be considered One must depend on ie''t m bed, a high calcium intake 
and loose packing of the ^agIn,l witli g.iu/e to contiol such hemorrhage 
After plastic operations on the ccr\ix it is not uncommon to see severe 
hemorrhage in fi\c to eight da\s Sometimes this stops spontaneously, 


more frequently it rcquncs ligation of bleeding points 

Unusual bleeding fiom the fundus of the uterus may occur after 
remoial of an ovary that contains a coipus luteum If it occurs aftei 
a hysterotomy or after a defundation opeiation, I believe that the oo 
arises from a sloughing sutuic line in the endometiium 

Parotitis IS extremely uncommon m my experience , attention to 
oral hygiene and maintenance of the fluid balance may e lespons 
Pain m the lower pait of the back (backache) occuis too o 

It probably results from stiain of the back due to fau ty posi 
operating table Local heat, salicylates and time usually co 


symptom r 

Pulmonary complications may be collapse, pneumonia 
Collapse IS an early complication and findings are 

respiratory and cardiac embarrassment P j , Ventila- 

charactenstic , the roentgenogiams give diagimstic evi 
hon with carbon dioxide and oxygen is speci c ^ fioiirs 

Postoperative pneumonia occuinng within the first lortj g 

IS almost unknown m my service ^j-e usuall} 

Pulmonary conditions wdneh appear a er crvotic peh ic 

mfarcts They sometimes confirm one’s suspici 

thrombophlebitis 



PREOPERATIVE AND POSTOPERATIVE CARE IN 
NEUROSURGICAL PROCEDURES 

COBB PILCHER, MD 

NASHVILLE, TENN 

The cential nervous system differs from other portions of the body 
m a number of anatomicophysiologic factors winch give rise to thera- 
peutic (as well as diagnostic) problems encountered in no other field of 
surgery For example, the direct influence of the central nervous system 
on evei}^ organ and part of the body may produce indications for therapy 
in many portions of the body remote from the central nervous system 
Itself Further, the position of the central nervous system within the 
rigid skull and vertebral column not only gives rise to special physiologic 
problems but makes surgical exposure of the brain or spinal cord and 
subsequent closure of the wound long, arduous and painstaking tasks 

Such factors, among many others, produce special preoperative 
and postoperative difficulties which are encountered infrequently, if at 
all, in other surgical fields The most thorough diagnostic study and 
the most brilliant operation may be to no avail if there is any lack of 
constant observation, meticulous bedside caie and appropriate thera- 
peutic measures during the postoperative period It is with these 
problems that this paper is concerned However, it is not my purpose 
to present a detailed consideration of all therapeutic measures employed 
in various neurosurgical clinics or to discuss the numerous contro- 
versial subjects Rather, the discussion will be confined to a presenta- 
tion of those procedures and routines which I have found most 
satisfactory 

PREOPERAl IVE TREATM ENT 

Observation — ^The physical condition and the symptoms of a patient 
with a neurosurgical condition can change very rapidly, and careful 
observation is an essential feature of preoperative as well as postopera- 
tive care Similarly, observation of the exact pattern of a convulsion 
may determine the localization of the lesion, or knowledge of a sudden 
alteration of the patient’s blood pressure and pulse rate may alter the 
plan of therapy 

Symptomatic Treatment — ^The most common symptom requiring 
relief is headache due to increased intracranial pressure The pressure 
ma} be reduced to some extent by an occasional saline cathartic (eg, 
saturated solution of magnesium sulfate, 45 cc ) , or the headache relieved 

From the Department of Surgery, Vanderbilt University School of Medicine 
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b} acetylsalic 3 'lic acid or small doses of codeine i\Ioiphine is to be 
aioided, for it masks S 3 mploms and depi esses lespiratoij function, 
which is often ahead}’^ impaiied b}' mcdullai} compiession Intiavenous 
injection of SO pei cent suciosc (winch is much moie satisfactoiy than 
dextrose) is sometimes of \aluc in tiding a patient ovei an acute increase 
in pressure but is not often indicated in routine preoperative care 
Extensne use of hypci tonic solutions can be dangerous and is to be 
avoided 

For the pain of tiigeminal neuialgia, codeine oi moiphine may be 
?nen, but these drugs frequently fail to give relief Trichloroethylene 
taken bj’^ inhalation relieies man}' patients temporal ily Moiphine may 
be given freely for "spinal neivc root pain ” 

Many patients aie iiiational or delirious and lequire restraint and 
sedation If the dehiium is mild, phenobarbital or a related barbiturate 
Will be adequate More severe delirium requires paraldeh 3 ’’de (15 to 30 
cc ) or chloral hydrate (1 to 2 Gm ), admmisteied b 3 ' rectum Restraints 
should be so arranged that the patient's position can be changed easily 
and at frequent intervals 

If convulsions occur frequently, phenobarbital or dilantin sodium 
(sodium diphen}'! hydantomate) will usually afford adequate control, 
but occasionally a status epilepticus requires more heroic measures 
Morphine (if the intracranial pressure is not elevated) , 1 cc of ether 
given intramuscularly, tnbromethanol in amylene hydrate (avertin 
With amylene hydrate) given b 3 '- rectum, or even ether anesthesia may 
be necessary A very satisfactory method is administration of a few 
whiffs of chlorofrom on a piece of gauze at the first sign of each 
approaching seizure 

Needless to say, infections of the respiratory tract and other compli- 
cations elsewhere must be eliminated as completely as possible before 
Operation is undertaken 

Foods and Fluids — As for other types of opeiation, the patient’s 
state of nutrition should receive careful consideration Frequent vomit- 
ing, paralysis of the muscles of deglutition or the excruciating pain of 
trigeminal neuralgia may have reduced the patient to virtual starvation 
Persistent, frequent small feedings of the patient who vomits frequently' 
and the use of a gastric catheter passed through the nose, left in posi- 
tion and employed for administration of a -well balanced high caloric 
liquid diet are sometimes life-saving measures Administration of con- 
centrated vitamins is sometimes indicated 

Excessive dehydration is to be a^-oided, and no effort is made in 
most of my cases to restrict the fluid intake For stuporous, comatose or 
irrational patients an adequate fluid balance should be maintained by 
gastric tube, by' rectum or parenteralh 
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Bladdei and Bowel — The function of the bladder and kidneys may 
be rapidly damaged by retention of urine In cases of such damage 
and m cases of incontinencej an indwelling catheter should be employed, 
if only for a few preoperative days 

It is important that patients with intracranial hypertension avoid 
straining at stool because of the resulting rise of venous and intracranial 
pressure Constipation should be treated by catharsis and enemas, and 
the patient should be warned to avoid straining 

Dnect Reduction of Intiacianml Piesswe — In the case of a patient 
with advanced hydiocephalus and very high pressure due to obstruction 
by ceiebellar tumors, sudden decompression by ventiicular puncture 
followed immediately by removal of the tumor may result in disastrous 
consequences Of great value in many such cases is continuous drainage 
of the ventricles through a metal T cannula with a flat cross bar which 
prevents its slipping too fai into the cranial cavity (Fincher^) This 
proceduie prevents rapid refilling of the ventricle and enables the brain 
to become accustomed, so to speak, to a low intracranial tension It 
should be employed for four to ten days before the major operation is 
attempted The most meticulous care and frequent changes of the 
quickly saturated dressings are necessary to avoid infection of the 
ventricle 

Pi eanesthettc Medication — Most intracranial operations are per- 
formed with eithei local or ether anesthesia The local anesthesia in 
many cases is preceded and supplemented by “basal anesthesia,” or 
narcosis induced by either sodium amytal given hypodermically oi 
tribromethanol m amylene hydrate (avertm with amylene hydrate) given 
by rectum The latter is to be preferred It should be pieceded by a 
cleansing enema given at least eight hours beforehand, in older that 
the bowel may be empty and quiescent when the drug is given It is 
given in a single dose of from 85 to 95 mg per kilogram of body weight 
thirty to forty-five minutes before the time of operation If the patient 
IS frightened or irrational, it is well to induce the basal narcosis before 
he leaves his room or ward and before the head is shaved 

If no prehminaiy narcosis is to supplement local anesthesia, codeine 
sulfate (0 065 Gm ) and sodium phenobarbital (0 1 Gm ) may be given 
hypodermically thirty minutes before operation If ether is to be used, 
a prehminaiy injection of atropine sulfate (0 004 Gm ) should be given 
If the operation is to be a laminectomy, the usual general surgical 
routine may be followed Preliminary administration of morphine and 
atropine is probably the most satisfactory procedure 

1 Fincher, E F, Jr Ventriculography Via Anterior Horns, South M J 
28 1082, 1935 
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Picpaiatwn of (he Opaatrjc Field — Foi opcialions on the spinal 
cord or on the pcnpheral ncr\cs, the usual caieful shaving and cleansing 
ot the skin and the final application of the suigeon’s piefeiied antiseptic 
solution aie satistactorj Foi cianial opciations, however, a special 
routine is adMsable It is wise to clip the haii the day befoic opeiation 
and caicfulh inspect the scalp foi cMdcnce of local infection The 
head should nc\cr be slia\cd until immediately before opeiation, for 
the mail} tin} abra'^ions that occui ma^ sene as fields for the lapid 
prohfeiation of pathogenic oigamsms Thoiongh pieliminaiy softening 
of the hail with surgical soap and waim watci is essential The scalp 
should be sha\cd “against the gram” (i e, the laroi stiokes should be 
opposite to the direction of giowth of the haii) with a freshl} shaipened 
straight-edged hollow -giound lavoi 


POSTOPini \TI\ C TRC \TMr.NT " 


Shock — At the termination of ain serious neurosui gical procedure, 
the patient’s condition must be carefulK appiaised The tieatment of 
shock takes precedence o\er any ot the thciapeutic consideiations to be 
mentioned It must be icnicmbeied that two factors entei into the 
picture hemorrhage and tiauina to nene tissue (Blalock If hemor- 
rhage has not been excessue and the systolic blood piessure is betw'een 
70 and 90 mm of mercun, it is safe to wait a shoit time foi spontaneous 
recorer}’’ If theie has been profuse hemorihage oi if the systolic blood 
pressure is below 70 mm of meicuiy, theie is only one treatment 
immediate blood tiansfusion A compatible donor should ahva}S be 
a\ailable Either the direct oi the mdnect method of transfusion may 
he used, but it is essential that the blood be given slowdy, foi a lapid 
rise in blood pressure ma}' precipitate renew ed bleeding in the operatn e 
field The blood pressure should be fiequently determined during the 
transfusion and the injection discontinued when the sjstolic pressure 
reaches 110 mm of mercury 


2 It may be well to point out that most of the therapeutic consi era 
^iiscussed under “Postoperatne Treatment” are equally app ica ^ ^ 

patients w'lth acute craniocerebral injuries Such factors as cere ra '”1 ' 

potential hemorrhage or infection, increased intracranial tension an comp 
dsewhere in the body are common to both types of case 

3 Blalock, A Acute Circulatory Failure as Exemplified Shock an 
Hemorrhage, Surg, Gynec & Obst 58 551, 1934 

H B Trauma to Central Nervous System Its Effects ^029 

Blood Pressure, an Experimental Study, Arch Surg 19 725 (Oct) ^ 

^ The values for blood pressure given here apply to adult patien ® 
operative normal blood pressure Allowance must be ma e, o other 

preexisting hypertension, the normal low pressure of small 
eviation from normal adult values In doubtful cases a mar e 
pulse pressure may be a valuable indication of the existence o s 
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A patient in shock is usually soaked with cold perspiration A 
dry, warm gown and warm blankets should be put on at once Hot 
water bottles, if used at all, should be warm, not hot, for the unconscious 
or anesthetic patient may be burned Lowering of the head is rarely 
indicated, because the increased venous piessure within the head may 
set up flesh bleeding 

Ca 7 e of the Wound — In diessing the wounds after major cerebral 
operations, the Cushing iitual of silver foil, gauze and crinoline still 
proves eminently satisfactory Thm sheets of silver foil serve as a 
seal and presumably exeit some bactericidal influence A heavy gauze 
dressing is then applied, followed by a moist ciinohne bandage The 
lattei IS immediately dried by a warm air blowei which causes the dress- 
ing to shrink and foim a snugly fitting cap 

If the operation has been a cerebellar craniotomy, it is essential that 
no tension be exerted on the muscle sutuie lines The head must 
therefore be fixed in a position of modeiate reti action Heavy bod} 
and head casts of crinoline weie formerly employed, but it has been 
found quite satisfactory to use a simple figuie-of-eight dressing about 
the head and neck and to effect retraction of the head with wide bands 
of adhesive tape extending fiom the forehead to the lumbar region 
Nurses must be cautioned not to twist the neck m turning the patient 
If the operation has been a dorsal oi lumbai laminectomy and if any 
possibility of urinary or fecal incontinence exists, the diessing should 
be protected from contamination by a sheet of oiled silk or cellophane 
W''hich is sealed on ail sides by collodion or adhesne tape 

If the wound has been drained, if the scar will be visible below the 
hair line or if there is any fear of infection (as in cases of compound 
fracture), the diessing should be changed on the first postoperative 
day The dram and the skin sutuies should be removed and a similar 
dressing reapplied Most cerebellai and laminectomy wounds need not 
be dressed until the fifth da} Healing usually occuis lapidly, and 
by the sixth or seventh day in most cases diessmgs can be discarded 
The unsightly shaven head may be concealed by a snug cap 

In some craniotomy wounds there will accumulate beneath the edges 
of the scalp a certain amount of bloody fluid, which is steiile Wound 
healing will be piomoted by aspiration of the fluid or by inseition of 
the flat end of a probe and expression of the fluid The wound shoul 
not be opened further, nor should a dram be inserted 

Obse7-vahon of the Patient — ^Hemorrhage and Edema In no field 
of surgery is postoperative observation more important than m surgica 
treatment of the brain This function devolves largely on the nursing 
service, and intelligent and experienced nursing is essential to success u 
neurosurgical procedures 
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Preferably, the paUcnt on whom ciaiuoloiny has been pcifoitncd 
should not be left alone for at least twcnt^-{olu houts aflci opciation 
The blood pressure, the pulse and ic^pualoty rates, the temperature, 
the state of consciousness and the moeements of the cxtiennlics should 
be frequently obsei\cd and iccordcd Seemingly minoi changes should 
be reported to the surgeon or his assistants without dcla}, for they 
may indicate to the experienced obseivci the de\clopment of postopera- 
tive hemorrhage oi other complications Restlessness and convulsive 
movements aie signs of cerebral nutation and should ne\er be over- 
looked 

Obsenation maj be of little value unless it is accuiatel} iccordcd 
Both because of the individual patient’s w'clfare and because of the Aalue 
of subsequent case studies, it is essential that accurate and detailed 
records be made of the most minute changes in the patient’s condition 
at the time that they occur 

Careful and experienced judgment is often leqiurcd to distinguish 
between the increased intracranial picssuie due to postoperative hemor- 
rhage and that due to the sw elhng that inevitably follows an extensive 
cerebral operation Rapid de\clopment of coma m a patient previously 
awake, rapid rise in blood pressure and fall m pulse rate and rapid 
development of hemiplegia in extremities previously not paralyzed — 
these signs usually mean hemorrhage But the “borderline case,” with 
slower and less marked changes, is difficult to evaluate When giave 
doubt exists, it is w'lse to reopen a corner of the wound rather than 
to risk a fatal termination through failure to evacuate a hematoma 
Fortunately, experience renders one’s judgment more and more accurate, 
and technical improvements make postoperative hemorrhage more and 
more rare 


If hematoma is not present, the intracranial pressure may still become 
elevated, but the signs will be less marked and less rapid in develop- 
ment Drowsiness, a graduate elevation in blood pressure and some 
slowing of the pulse rate usually occur but are not invariable and are 
not always danger signs (Browder and Meyers®) The increased 
pressure occurring in such cases is usually attributed to “cerebral 
edema,” but actually its true mechanism is unknown (Pilcher ®) Fre- 
quently no specific treatment is necessary, but in cases of severe involve- 
ment several measures are useful The occasional use of hypertonic 
solutions (50 per cent sucrose given intravenously or 50 per cent 
magnesium sulfate given by rectum) may be of value If the ventricles 


5 Browder, J and Meyers, R Observations on Behavior of the Systemic 
Blood Pressure, Pulse and Spinal Fluid Pressure Following Cranio 
Injuries, Am J Surg 31 403, 1936 ^ ^ anio-Cerebral 

1937^ Experimental Cerebral Trauma, Arch Surg 35 512 (Sept) 
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are dilated and a suitable opening in the skull is already present, 
ventricular puncture will i educe the pressure After the removal of 
cerebellar tumors, spinal puncture is both efficacious and safe, for the 
posterior wall of the foiamen magnum and usually the aich of the atlas 
have been lemoved, and hence the danger of heiniation of the brain 
stem cannot exist 

Dtugs — For reasons already stated, morphine ma} be dangerous 
and should rarety, if ever, be employed Patients have surprisingl> 
little pain after cianiotomy, and this is usually easily controlled by small 
doses of codeine given hypodermically It is well to avoid oral medica- 
tion during the first twenty-four to thirty-six hours, since undesirable 
vomiting may be induced 

Stronger medication should not be employed until the patient has 
been seen by the physician, for undue restlessness may be a danger sign 
Phenobarbital or, rarely, paraldehyde or chloral hjdrate given rectally 
may be necessary to subdue a deliiious patient 

To patients who ha\e pieMOUsl}^ had convulsions it is wise to give 
small doses of phenobarbital twice a day for several weeks or even 
months, for the alieady hypersensitive cortex may be further irritated 
by the trauma of operation, the subsequent healing process and the 
contracture of the cerebral scai 

Of course, morphine or othei analgesic drugs may be safely given 
to patients after opeiations on the spinal coid 

Fluids and Food — A fluid leserve depleted by profuse sweating, 
loss of blood and abstinence during a prolonged operative procedure 
should be early restored In my own cases, 2,000 cc (for adults) of 
ph3^siologic solution of sodium chloride is given immediately by hypo- 
dermoclysis Oral administration of fluids may be begun as soon as 
the patient’s state of consciousness oi postanesthetic nausea permits 
Soft or even solid food can often be taken, and, if so, should be given, 
within eighteen or twenty-four hours of the operation Irrational or 
comatose patients should have feedings begun by gastiic tube within 
twenty-four to forty-eight hours 

Many neurosurgical patients must be coaxed to eat, often they must 
be fed, and again painstaking nursing care is essential The patients 
dietary preferences and dislikes must be indulged There are no dietary 
taboos, nor should fluids be restricted below an average level in most 
cases 

Caie of the Bladder — The bladder presents a serious postoperative 
problem m many of the neurosurgeon’s cases, particularly after opera- 
tions on the spinal cord Several types of disturbance of the bladder 
may occur 

Simple incontinence in irrational patients merely requires frequent 
changing of bed linen and is usuall}' a temporary complication 
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ankles, heels and lower part of the knee and a pillow between the knees 
Bedlinen must be kept dry Hot water bottles should never be used 
in the presence of anesthesia “Air mattresses,” which may be inflated 
to any desired degree of firmness, are of great value m difficult cases 
Even with the best caie, decubitus ulcers sometimes de-velop These 
should be dressed with the greatest care, sloughing tissue debnded and 
the edges of the skin protected with zinc oxide paste or a similar 
ointment 

Othei Pfoblems — Many other postoperative problems arise, onl> 
a few of which can be mentioned briefly here 

If the cornea is anesthetic (and particularly if an accompanying 
peripheral paralysis of the facial nerve prevents closure of the eye), 
the eye must be kept closed with a firm cotton pad, with a collodion 
seal of the eyelashes to the cheek or, if necessar}^, with actual suture 
of the eyelids 

Postoperative pulmonary complications occur infrequently in neuro- 
surgical diseases but should be guarded against by suction of mucous 
accumulations from the pharynx and frequent changes in the patient's 
position The lips and tongue of an unconscious patient should be 
lubricated with liquid petrolatum 

Spastic extremities are saved from contracture by appropriate appli- 
cation of heat, massage, passive motion and similai physical therapeutic 
measures The patient should be got out of bed and encouraged to move 
about as soon as the wound and his general condition permit 

Reeducation of mind, of speech or of muscles is sometimes necessary 
Of great importance are encouragement and leassurance of the patient, 
whose dangerous and harrowing experience may have reduced him to a 
state of pitiable fright or somber depiession Long-suffering patience 
and tolerance are often necessary in both physician and nurse, but it 
should never be forgotten that the patient’s aberrations, carelessness, 
language or actions may be of organic neurologic origin and completely 
beyond his control 
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The aim of preparation of patients for opeiation is lestoration as 
near to the integral state as possible, and this consists in correction of 
physiologic and chemical abnormalities and m increasing leserve capac- 
ities Thanks to the man)' experimentalists who have provided theory 
basal to the clinical management of the sick peison, modem tieatment 
rests largely on a logical basis, and empiric practices each year become 
fewer It is axiomatic that greater certainty and predictability, and 
hence efficiency, attend management based on the correction of pathologic 
mechanisms, with irrational and intuitive method eliminated as far as 
possible A second desideiatum is simplification of therapy, since it is 
obvious that more abracadabra accompanies unduly complex procedures 
The following methods of treatment, then, are intended to be as simple 
as the correction of chemical abei rations due to disease will permit It is 
hoped that no impression of finality will be deiived from the appaienty 
categoric way in which these methods are described 


SPECIAL PROBLEMS IN UROLOGY 

There are three factors which make the treatment of urologic 
patients a special problem, otherwise, the preparation does not differ 
from that of other types of surgical patients The special eatures 
urologic surgery aie these The kidney, which is so often istui le 
disease of the urinary tract, is the chief organ of the body foi e imination 
of nonprotem nitrogenous metabolic products, of nonvolatile electrol)tes 
and of water, so that interference with renal function leads to 
of these substances and at times of pressoi substances ’ 

tion of bacteria from the urinary tract, with septicemia an 
panying chill and other manifestations of infection, is requen ’ 
of infection, however, is rare, and the common invading org^is 
Escherichia cob and closely related bacteria, are of lov patho e } 
man Third, the majority of the patients is at a senile age, ° ^ 
the management of aged men comprises a large part of the practice. 

From the Department of Surger^ of the UnnersiU of Chicago 
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lecalling James Hilton’s description of Mr Chips "Nothing really 
wrong with him — only anno domini, but that’s the most fatal complaint 
of all, in the end ” 

Dnigs — As is consistent with the ideas outlined m the first para- 
graph, reasonably efficient management of patients can be carried out 
ivith use of only a few drugs These are the alkaloids, morphine, atropine, 
digitalis and quinidme, the barbiturates, a few simple chemicals, such 
as sodium chloride, sodium bicarbonate (50 per cent). Ringer’s solution, 
lactate buffers and 5 per cent dextrose, for intravenous use, chemo- 
therapeutic agents, sulfanilamide and, in cases of pneumonia, sulfa- 
pyridme , posterior pituitary , transfusion of blood, and for irrigation with 
antiseptics, sodium chloiide (0 9 per cent) and boric acid Considering 
the use of local antiseptics for purposes of irrigation, the classic paper 
of Fleming ^ is referred to , the differential between bacterial injury and 
tissue damage is often so small that strong antiseptics frequently cause 
more haim than good Since preseivation of coirect osmotic relation 
IS the constant activity and necessity of the cell, the use of any irrigating 
fluid must be considered from the standpoint of tonicity, and use of an 
isotonic fluid must be stressed It should be pointed out that the rather 
widespread use of such drugs as methylthionine chloride U S P 
(methylene blue), sandalwood oil, hexamethylenetetramine (methen- 
amine [urotropin] ) and the majority of the so-called urinary antiseptics 
IS not supported by available evidence as to their efficienci 

Renal Insufficiency — It has repeatedly been demonstrated that the 
most satisfactory lesults of treatment of uremia are observed in patients 
with obstruction of the uiinary tract The implication is cleai to provide 
free drainage by the use of the cathetei in these cases In cases of 
obstruction of the lower par t of the urinai y tract two devices for drainage 
are available, the urethral catheter and suprapubic cystostomy The use 
of each is accompanied by a foreign body purulent reaction and infection , 
a difference exists in that the urethra is in close proximity to large 
vascular sinuses m the corpora cavernosa, through which infection of 
the blood stream occasionally results Drainage with a urethral catheter 
(no 18F) is usually highly satisfactory, but when signs of intolerance, 
such as fever, occur suprapubic cystostomy should be resorted to This 
operation, done through a high incision only large enough to give good 
exposure of the bladder, can be carried out with nearly negligible 
mortality rate It has been a queshon whether all of the urine can be 
safely evacuated from the chronically overdistended bladder at one time 
or whether slow decompression should be employed The aigument has 

1 Fleming, A Action of Chemical and Physiological Antiseptics in Septic 
Wounds, Brit J Surg 7 99, 1919 
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recently been discussed cnticall}'- by Cieevy,- ^\ho has stated the opinion 
that sudden empt 3 ing is not dangeious We agree with this opinion 
In cases of anuiia, unless it is ceitain that nephritis uncomplicated by 
obstiuction IS the cause, uieteial catheteiization should be resoited to 
It need not be emphasized that intiavenous mographic procedures in 
uremic patients aie strongly contraindicated because ot the disturbed 
osmotic relations in the blood seium caused by introduction of the con- 
trast medium The n ork of Helmholtz and Bollman ® on the deleterious 
effect of hypertonic solutions of sugar on the kidney may be recalled in 
this regard Intravenous pyelogiaphic piocedures similarly have Caused 
a complete excretory shutdown in patients with lenal damage 

It has been repeated!)^ obsened in clinical patients wuth chronic renal 
insufficiency, as well as in experimental animals (esperiall} ceitain fishes) 
that retention ot nonprotein nitrogenous bodies is not incompatible with 
good health Uremia m the clinic must be considered essentially in terms 
of acidosis and deltydration, and simple chemical methods are available 
for assay of these conditions, namely, determinations of the pa, of the 
carbon dioxide content oi capacity and of the amount of watei present 
in the plasma 


Acidosis — Lowering of the pH cases of uremia occurs for at 
least two reasons first, because in the uremic patient the food intake 
approaches the stan^ation level, depleting the glycogen supplies and thus, 
through interference with fat metabolism, leading to an accumulation of 
acid products , and second, because of the reduced elimination of fixed 
acid radicals, notably phosphates and sulfates, which are set free rom 
organic breakdown in metabolism wuthout corresponding base coveiage 
While the kidney is not damaged by a lowering of the Pn as it is m the 
presence of a coriesponding alkalosis, the geneial status o ^ 

urgently demands correction of the acidosis It should be pomte ou^ 
that both carbon dioxide content or capacity and pn values are neces > 
to indicate the acid-base status of the patient , it is obvious t la a re 
tion m carbon dioxide content occurs both m aci osis an in 
respiratory type of alkalosis associated with h}perpnea (e g, }P 
ventilation from a pneumonic process) and that determination o the 
hydrogen ion concentration, for which simple met^iods are amiable, 
necessary to point out the direction of the carbon loxi e s i 

There are several ways in which acidosis may be correc ed the most 
important being the establishment of free raina,, 
include parenteral administration of sodium chloride (0 9 per cent or of 

C D Is Sudden Emptying cf the Chronicalh Distended Blnddcr 

Dangerous? j Urol 39 403, 1938 Diuretic Action of Sucrow and 

3 Helmholtz, H F, and Bollman, J L D’urctic wet 

Other Solutions, Proc Staff Meet, Mavo m ^ > 
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sodium bicarbonate (say 300 to 500 cc of 5 per cent sodium bicarbonate) 
or of solutions ^ like the Hai tmann-Ringer buffer (500 cc ) It is inad- 
visable to give largei amounts of the latter two substances unless further 
determinations of the pu and the carbon dioxide content are made The 
mode of action of isotonic sodium chloride, which is neutral m reaction 
in relieving acidosis, is of inteiest and is explainable by the Hambuiger 
chloride shift phenomenon Owing to the impel meability of the erythro- 
cytes to sodium ion, chloride migrates into the red cell, wheie it is 
buffered by the hemoglobinate present, leaving the excess sodium to 
combine with carbonate to mciease the bicarbonate of the plasma 
Dramatic improvement is seen frequently following the coriection of 
acidosis which, to repeat, must be controlled b}^ frequent assays of 
the blood 

Flmd Balance — In addition to the advantages of isotonic sodium 
chloride solutions for the correction of acidosis fluid balance is of impor- 
tance because of the beneficent effect of diuresis m ridding the body of 
catabolites and for purposes of internal irrigation of the subrenal portion 
of the urinary tract 

The important studies of Collei and Haddock ® on the quantity and 
type of fluid needed have been of clinical value Briefly, these workers 
found that insensible loss of fluid m the adult patient amounts to 1,000 
to 2,500 cc daily, the difference being related to fever This amount 
needs to be replaced, together with enough fluid to eliminate an esti- 
mated 35 Gm of catabolites excreted m the urine, the output of which 
they estimated as about 1,500 cc , together with an amount equivalent 
to compensate for unusual losses as m vomitus oi the stool Foi most 
patients an intake of 3 to 4 liters of fluid daily will be found adequate, 
but m states of dehydration this amount should be exceeded A second 
point of importance emphasized by Coller and Haddock is the undesir- 
ability of giving excesses of sodium chloride in parenteral fluids, which 
may induce retention of water as a result of excess accumulation of salt , 
correction of this situation may be brought about by substituting isotonic 
dextrose (5 per cent) m distilled water if water cannot be taken by 
mouth 

4 Hartmann, A F , and Elman, R The Effects of Loss of Gastric and Pan- 
creatic Secretions and the Methods for Restoration of Normal Conditions m 
the Body, J Exper Med 50 387, 1929 

5 The composition of this fluid in milhmols per liter of water is sodium 
chloride, 95 , potassium chloride, 5 , calcium chloride, 2 5, and sodium lactate, 25 

6 Coller, F A , and Maddock, W G A Study of Dehydration m Humans, 
Ann Surg 102 947. 1935 Coller, F A , Dick, V S , and Maddock, \V G 
Maintenance of Normal Water Exchange with Intravenous Fluids, JAMA 
107 1522 (Nov 7) 1936 Maddock, W G Fundamentals in Water Balance, 
J Urol 39 444, 1938 
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Excess hydiation can be detected in clinical [laruntb b' examination 
of h)^postatic regions, such as the sacrum and i't'c unties foi pitting 
edema, by the presence of edema of the lungs ind 'n deLennindtion ot 
the amount of \\atet m the plasma Plasma u u. i i nainamed at a 
rather constant let el, and changes i effect debt diat* a . .id > vperlu diatioi 
of the patient, as has been found by Eichelbcrgei i*' sruda s uu the dog 
tMth uremia fiom hydronephiosis 

Infection — We hate been impressed tatorabu in ouU tv o mah'nls 
of aid to the patient m overcoming intection ot the i in u \ f ict rdineh 
free drainage of a locus of infection and chenio hei.ipt vtaii sulianil- 
amide No othei therapeutic agents hate been oi tmeqj’t clinical 
benefit The use of ketogemc agents and of mmdeh acin a, iinnart 
antiseptics is regaided as drastic because ot the accompant me; icidobis 
It has been found b}'’ man} obseiteis that sultanilamide mil noi nisintect 
the urinar}’’ tract in the presence of calculi 


Gasti onitcsfinal liens — One of the most tiOLibksome compile ilions 
in urologic surgical procedures is paraljtic distention ot the bottel This 
condition is seen aftei ever}' operation on the kidnet , is distinctly less 
common aftei suprapubic opeiations on the bladder and pi estate and is 
uncommon aftei transuiethral resection of the prostate This constant 
complication of renal operations, occurring independent!} of the type ot 
anesthetic agent used and when the peritoneal cavity is not opened seems 
to be caused by reflex action 

Acute dilatation of the stomach with massive retention of liquids is 


regarded as of great risk to the patient because of the danger of aspirating 
vomitus, which is an important cause of death by drowning or of pul 
monary infection The incidence is perhaps greatest in patients after 
spinal anesthesia i\ho drink laige quantities of fluids The most satis- 
factory treatment is introduction of a stomach tube immediately the 
first suspicion of the condition has been aroused, followed bv aspiration 

with the Wangensteen ® type of gastric suction 

Apparently adynamic intestinal ileus rarely is of great c mica sg 
nificance, as a rule it merely produces abdominal pam and discomfort 
We have found the following methods to overcome paral}tic intestina 
distention more effective than others When gas is presen i ^ 
first day following opeiation. application ol heat to the and 

insertion of a catheter in the rectum , alter the rs pos p c 
injections of solution of posterior pituitary ot twice 


Experimental Hjdronephrcsis m Dogs 


J Urol 46 

^ ui-< nrrvtii'Tirii l.m:> i** j 

/ Eichelberger, L 

. n W Farl^ Diagnosis of Acute Intestinal Obstruction with 
8 Wangensteen, 0 H Earlj ^ S ^ Succcssuil Dtcomprc-ion 

Comments on Pathologj Treatmen ^ ^ Catliet.r Suct!..i 

of Three Cases of Mechanical Bowel O 
Siphonage, West J Surg 40 1, 1932 
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1 cc subcutaneously, followed in exactly ten minutes by an enema con- 
sisting of 30 Gm of magnesium sulfate, 60 cc of glycerin and 90 cc of 
water, these to be repeated aftei eight lioui s w hen necessai y 

Ti ansiu efln al Resection of the Pio^tate Gland — Foi this special 
piocedure elaboiate piepaiation is not needed unless the patient is suffer- 
ing from uremia, dehvdiation, fevei caidiac disease or some othei 
nonuiologic complication When the bladder appaiently has been dis- 
tended for a long period oi ylieii the urine is lieavih infected, diainage 
by inlying cathetei is resorted to for se\eial days Otheiuise no prep- 
aration IS needed In this legaid it should be lecalled that all operations 
on the piostate gland in cases of benign piostatic htpertroph} are 
operations of election and never of necessit} , piostatic operations, then 
should nevei be done on a patient bediidden because of this disease 
Postoperative complications peculiar to resection are letention of 
mine, bleeding and infection These complications occasional!}' develop 
when a seemingly adequate opeiation has been done It has been our 
policy to leave a catheter indwelling m the urethra for tv o or three days 
after resection, depending on the amount of blood in tlie urine, uhen 
the urine is grossly fiee from blood, the tube is lenioved In a con- 
siderable numbei of patients vith high grade letention the urinaiy flow 
is inadequate oi nil after the first lesection, a uiinaiy stream of large 
caliber is of as great importance as the amount of urine retained in 
deciding whethei furthei lesection is indicated If the flow is not 
adequate within forty-eight hours lesection again is indicated unless 
the patient is febrile, which indicates diamage by cathetei 'When theie 
IS still significant obstiuction two dais after lemoval of the indiielling 
catheter aftei the first lesection, nothing is to be gained by fuither delay 
Hemorrhage usually is an unimportant complication ot lesection 
The most impoitant contiol of hemorihage is necessai v at the time of 
opeiation Secondary hemorrhage is not mtiequent, lion ever in the 
peiiod from the tenth to the twenty-fifth day and in our experience is 
unimportant except that letention may occur horn clotted blood, such 
episodes have been tieated with an indwelling urethial catheter toi sev- 
eral days until the bleeding has stopped Coagulation of the bleeding 
points Mitli the resectoscope, the use of hydrostatic bags (Foley tvpe) 
and cystotomy have not been necessary m this clinic 

Infection of the bladder appaienth always follow's transurethral 
resection but usually piomptly clears up or lemams clmicall} negligible, 
])roducmg no symptoms, pi ovided resection has been adequate Cheino- 
theiapy with sulfanilamide (0 6 Gm four times dail} for fiie days) is 
used it there is constitutional reaction to infection and for patients with 
pyuria, for eight weeks after lesection Aside from a mistaken or 
incomplete diagnosis, persistent infection has usually been found asso- 
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uatecl with letention ot a fiagment ot iisstu inaiK' 
calculous inciustation ot a portion of the piostatu h< d 

tONCLl SION 

Again It should be stated that these methods . ti i 
final, finished form and that theic is oppoitunits toi 
eeen bianch ot suigen XKo we would tm]>hts/t 
with expeiiences in other blanches ot smg(i\ i' I'tnj 
tions can be reduced mateiialh b\ tcchnic.ii t'n< sf 
the operation 


1 lU u section 01 


Mil lit are not m a 
im])uncnient m 
di It m common 
ai ituc complica- 
n the conduct of 



PREOPERATIVE AND POSTOPERATIVE CARE IN 
RECONSTRUCTIVE SURGERY 

JAMES BARRETT BROWN, MD 
LOUIS T BYARS, I^ID 

AND 

FRANK McDowell, md 

ST LOUIS 

Attention to the special details of preoperative and postoperative care 
uia> make the difterence between success and failure in plastic operations 
This requires the cooperation of an enthusiastic and well trained surgical 
house staff and nursing staff plus a great deal of peisonal care by the 
surgeon himself 

PREPARATION 

The patient should be examined carefully for possible cutaneous 
infections, as a small pimple anywhere on the body may be a contra- 
indication to operation 

Routine laboratory work should be done, but if there are multiple 
admissions close together this may be slackened somewhat The clotting 
time and bleeding time should be noted in all cases in which extensive 
procedures are to be undertaken and especially if there is to be much 
undermining, as in raising a large flap Steps should be taken to correct 
any abnormalities in the clotting time if possible, if not, the operation 
should be delayed 

Sedation the night before operation is advisable, and the patient may 
be allowed to sleep as long as he can in the morning before operation 
If the usual enema is unnecessary, it may as well be omitted 

P') eopoative Fluids and Evtia Caihohydiatcs — ^These may be given 
freely if long procedures with general anesthesia are to be earned out 
If local anesthesia is to be used, fluids may be allowed up to one or two 
hours before operation 

Local Piepaiahon — Local pieparation is important in respect to 
saving tune m the operating room Soap and water cleansing of the 
area plus appropriate shaving is usually enough, but if a skin graft is to 
be put on the face or neck it may be best not to shave the thigh or 
abdomen to avoid transferring any undesirable hair-bearmg skin 

About the face and scalp it is well to have the hair freshly -washed 
before operation and then to shave only minimum amounts Eyebrows 

From the Department of Surgerj, Washington University School of Medicine 
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are practicall} ne\ei sha^ed, as they lequire a lonj^ tune tor regrowtii, 
and the absence of one gives a very unsightly app'^cuance }vlen sliould 
be shaved on the moinmg of operation 

P) copciatwc Dings — The choice ot drugs is .o i.'pch a mailer ot 
individual preference of the suigeon and often rl e j atient that no 
universal routine can be established Laige do^t ui uK'rnhire are not 
gnen to any patient, especiallj'' to a child who n to 1 < an op'iation 

on the mouth or neck and who may ha\e diffi<nh, >> hrf 'rhmg 

General conduct in the operating room e>pt( > iH " nh the optiatne 
region under local anesthesia, can be guided h\ and caiuion 

Conversation and all noises may as \t dl be at a mn nnm j modulated 

The patient should not be used foi a table or k "'■nd on b^ on operator 
or assistants 


Antiseptics — It is desirable that the pat.ent come to the operating 
room as generally clean as possible As ins ben noted the 'calp should 
be freshly cleaned, men should be sha\ed, and ihen soao and water 
cleansing may be all that is lequired As a time-sanng expedient and 
perhaps for some sense of security, a mild local antneptic miv be used, 
and 1 to 3 per cent iodine usually suffices, although mam ot the pro- 
prietary solutions seem to gne adequate protection in the ban s o 
other operators 

Local Anesthetics —The kind of anesthetic used is a matter of the 
surgeon’s choice, but a few rules are impoitant Epinephrine ij ro 
chloride is used in sufficient amounts to hold the anesthetic but is kept 
to a minimum in raising flaps — m fact, most large flaps arc raise wi i 
the patient under general anesthesia Extreme caution should be used 
m injecting the solutions, and there should always be an accurate under- 
standing between the nurse and the operator the percentage of 

anesthetic and the amount of epinephrine hydrodilonde be-ng 
It IS best to rely on the patient’s word about the success of the anesthetic, 
as on this may depend the success of the operation 


POSTOPERATIVE CARE 

Postoperative care may be said to begin with ^t.oji^ Gentle- 
ness in handling of tissue cannot be too o en ^ ^ surface 

firmly closed, with no dead spaces and ivi i a i i 
scratches, heal best and make the postoperatn 
concerned - 

D,css„,gs-ln plasttc umc sl.ou'w 

important as any operative ste^ dressings oicr grafts flaps 

be taken to get them exactly rig comfortable than 

and most avounds are necessarj an 
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loose diessings that might slip All blood is cleaned away, fine mesh 
giease gau/e is smoothed caiefiill}" ovei the wound, and a medium of 
piessure is applied and fixed wath the final bandage and adhesive tape 
This medium of piessuie may be soft, “wool-foim” steiile maiine 
sponges 01 soft cotton mechanic’s waste (figs 1 and 2) Other materials 
have been used successful!}^ but the final bandaging really produces 
the piessuie and should be meticulousl} done It has been possilile to 



T'S 1 t\\ o kinds of soft cotton mechanic s waste used as a medium of 

pressure m surgical dressings B, use of coarse w'aste to hold a graft on the neck 
sutures from the edges are tied o\er the surface after one gauze sponge has been 
used to cover the ivaste 

do a complete leplacement of the axillary skm in an area of oter 100 
square inches (645 sq cm ), to allow' the first dressing to remain m place 
eight days and to have onl} one other wdnle the patient was m the 
hospital (fig 3) 

Piessuie on Suigical JFouvds — The value of piessure has been 
recognized for a tert long time, there being several references to it m 
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the hieroglyphics translated in “The Edwin Smith Smgical Papyius ” ^ 
regarding treatment of wounds of the nose and eai 

Immediately after operation, if there is any doubt about the patient’s 
condition, some responsible person, the surgeon or the anesthetist, should 
remain close by until the patient can safel)'^ be turned over to the nurse 
Blocked an ways and continued hemorrhage maj’' occur after operations 
about the mouth, and the patient is turned on his abdomen or side so 
that the fluids can run out, preventing choking Mouth gags and 
towel forceps for pulling out the tongue should be on hand m all 



Fig 3 — Simple fixation of a large axillary graft with a pressure dressing 
reenforced with a simple bed pad as shown folded under the left arm This 
usuallj suffices and eliminates the necessity of a heavy plaster of pans fixatne 
device 

questionable instances, but a short McGill tube inserted through the 
nose and over the tongue block and held just above the glottis will usually 
suffice if Its position can be maintained 

Posfopei ative Sedatives — Sedation is important, but usually not 
until the patient has completely reacted Sedatives aie not given for 

1 Breasted, J H The Edwin Smith Surgical Papyrus Published m 
Facsimile and Hieroglyphic Transliteration with Translation and Commentary m 
Two Volumes, Chicago, University of Chicago Press, 1930 
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tig^ht bandag’es or foi pain in the e)'^e which is undei a dressing, but 
the cause of discomfort is searched for and relieved 

W afc) — Water may be given early by mouth and \omiting permitted 
if It does not interfere with dressings or wounds Main times it may 
be found that ten to twehe houis after operation fluids liave been 
w ithheld by a nui se cognizant mainl} of abdominal surgical i outine 

Diet — The diet may be increased rapidly except, ot course, nhen 
contraindicated by procedures about the mouth 

Liquid Diet A liquid diet is often necessary and nia\ be gnen by 
mouth or through a feeding tube The daily ration is about 2,500 calories 
for adults, and it has been noted that there is apt to be too much carbo- 
hydrate 111 the diet The diet outlined heie has been used successfully 
for several yeais and gives a fairl} good balance 


Protein 




Tj Gm 

300 calories 

Pat 




ICO Gm 

W calories 

Carbohydrate 




wO Gni 

1 400 calories 






2 iM calorics 




Protiin 

I at 

Carbo!i> 



Ounces 

Cc 

Gni 

Gm 

drate I'in 

Calorics 

Sis eggs 

6 

ISO 

36 

30 


4j0 

Cream (20 per cent) 

8 

240 

8 

45 

S 

4S0 

Slilk 

24 

720 

24 

>1 

48 

4S0 

Tomatoes (strained, canned) 

0 

IsO 

O 


C 

30 

De\trose, Karo, de\trm or lactose 

10 

300 



100 

I 2C0 

Salt 

1 teaspoon 






54 

I C20 

n 

103 

Shi 

2 040 


This may be given as a mixture to simplif} the procedure and be 
sure the patients get their full ration, but vheneier possilile the 
ingredients should be used as a dail} lation, with indnidual dishes 
nicely prepared and as appetizing as possible ]\Iany attractive dishes can 
be prepared, and flavors, chocolate, fiuit juices, ice cream, etc can be 
added as desiied Dr Ellsnorth Smith has reported the use of this 
ration for 1 patient steadity for over tuo j'ears 

At least two oranges or lemons as sweetened fruit juice slioulc le 
given betw^een feedings each day, and the patient ina\ ha\ c all t le 
tvater, coffee, tea, fruit juice, ice cream or other special food (hat is 

permitted , 

If a fuller protein ration is desirable, lean scraped beet or irc.-i 

beef juice may be added 

If there is too much rolume to get down m twentc-four liotir. 

6 ounces of Drjco ma} be substituted for the 24 ounces (/- 
milk For further reduction, the regetable jmce or tiie beci juicc i 

be temporarily omitted 
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Hygiene of the Mouth and Nose and Picventwn and Tieatment of 
Pai otitis — Cleaning the teeth with a soapy dentifrice and simple mouth 
washes or one-half strength hydrogen peroxide is encouiaged Infants’ 
mouths may be difficult to clean but should be carefully swabbed when 
necessary 

The prevention of sordes will do most to pie\ent parotitis When 
pai otitis does occur, frequent stimulation wuth candy oi lemon juice each 
half hour, chewing gum and occasionally the use of pilocarpine hydro- 
chloride, %o gram (3 mg ) e\ery four houis, is recommended for adults 
External heat and roentgen tieatment may be used earljq and probing 
the duct once a day may help a good deal This type of parotitis rarely 
needs the external diamage advocated by others 

The nasal airw'ay should be kept open with simple cleansing and 
medication if necessaiy 

CLEFT LIP ROLTINE 

The cleft hp may be coirected (ovei the open alveolar cleft if present), 
e^en in the first twenty-four hours of life Dining the period of jaundice, 
when the clotting time may be prolonged, and if theie is much loss of 
weight operation is delayed It is quite ceitam that operation just after 
birth IS moie difficult than at several weeks or months of age, and 
therefore one w'ho does the opeiation infrequently may expect better 
results from w'aitmg until the child has gained a little size 

As for all patients w ith disease requiring opei ation thoi ough physical 
examinations aie necessary Cutaneous infections and infections of the 
respiratoiy tract, as well as piolonged clotting oi bleeding times, aie 
contraindications for operation Feeding should be allowed to within 
four to SIX houi s and w'ater to w ithiii tw o hours of operation 

It IS possible to induce basal anesthesia with some barbiturate or w'lth 
avertin with amjlene hydiate and to do the entire operation with this and 
procaine hjffiiochlonde The patient, however is so apt to wn iggle around 
on the operating table that some ether may be necessary 

Postopci atwe Caic — After operation the baby is put m the caie of a 
special nurse and is kept m the operating room until aw^ake from the 
anesthetic and until it is certain that the airwaj’^ is open, that bleeding 
has ceased and that shock is not present Tap w^ater is given by lectum 
and, if necessary, saline solution is injected under the skin Five per 
cent dextrose w^ater is brought to the operating room and gn^en m 
small amounts as soon as the child can swallow^ This has been found 
to be an excellent sedative for infants, and several ounces of fluid may 
be given soon after operation 

The patient is placed on the abdomen to allow' blood to run out 
of the mouth and the continuance of hemorrhage is closely watched for 
A stitch which is put through the tongue at the start of the operation. 



BROWN ET AL—RECONSTRUC 1 It f '^IhoERl 


1199 


IS left in and gives a good way of maintaining ennlrol ot the tongiu and 
therefoie the an\\ay vhile the patient is waking For intanls and 
children this stitch is left in thioughout the fii-t night 

When fully awake and in satisfacton coiuliiion the patient i'- 
returned to the waid An ways must be kept fip^n u i! possible hciiRi- 
rhage must still be watched foi If the nostiils mt oielndtd miani- nii\ 
fail to breathe propeily because they sinipi\ do not niaki uii tituri to 
hold the low'd lip out of the wa} and this ni i\ 1 h guarded <ig nu'-t b\ 
strapping the hp down with adhesne tape oi in putta-'g a mu dl ui’niKi 


tube in the mouth and fastening it to the check'' with adhe-nt l 

Immediate attention is given the hp It i" kept clean ot iilood and 
mucus b}' gentle wiping with small gauze sipiaies soikcd in a ■'olution 
of equal parts of alcohol and bone acid solution llm s i. pttiall}' 
important during the first few houis, as the blood '•eium tint oo/es 
out at this time, if allow'ed to remain will make a \ti\ hard crust ocer 
the sutuie line If ciusts do foim, the\ are loosened In wet packs 
or cold cream and then gentl}' sepaiated from tlie studies It there 
IS superficial cellulitis oi infection around the sutuic line wet jiaeks 
should be carefully applied The hp is usually piotected from tiaiima and 
from muscle pull by a modified Logan clamp held on with adhesne tape 
A small, firmly applied diessing of fine mesli grease gauze a small 
pad and final fixation with plain oi elastic adhesive tape are sometimes 
substituted for the exposed w'ound technic 

Feeding is started early and for the fiist twenty-fom to foin-eiglit 
hours IS done with a sterile synnge with a rublier tip or with a spoon 
After this the baby may nuise the breast if there is a question o 
maintaining lactation ^^^atel by mouth ma}'' be given as soon as t le c n t 
wall take it The utensils should be sterilized to prevent contamination 
from other patients (In repaii of palates, nipples are witiiec 


three w'eeks after operation ) r 

The patient’s hands must at all times be kept aw ax from mou 
For infants, a special cuff of wooden tongue depressors sewed into 
IS tied around the arm For older children (and ^ 
padded anteiior wooden splints are applied to piexen e 


foi earm 

The skin sutures are lemoved in four oi 


fiee daxs and the deej) 


sutures in eight to txx elx'e da3's 


P \L \Tn ROLTir^I- 

The pret,perat,.e and postopcra.ne care n hen 
.epa,rcd .a -- »■ 'p"" •“ 

death nhereas deaths follon.ng operthnns „„ the hp , 



1200 


ARCHIVES OF SURGERY 


ml During bad weather and ■\\hile infections of the respiratory tract 
are prevalent it may be best to ithhold operation 

There should be nothing in the stomach at the time of operation, and 
therefore if the baby has inadvertentl} been gn en milk one or t\i o hours 
previously operation should be dela3ed 

Atter operation the patient is allowed to recover m the operating 
loom, and the same routine for administration of fluids and for main- 
taining the airv ay is followed as m the operation on the lip except that no 
airways should be put in the mouth The stitch m the tongue should 
be used to hold the tongue out constantlj if necessary Food and fluid 
may be given earlj , but no solid foods should be given for three v eeks 
It IS especially important to keep nipples, spoons and fingers out ot 
the mouth Water should be used m an attempt to clean the palate 
after each feeding Suitable nasal drops maj'- be used seieral times a 
day to keep donn swelling and to appty some mild antiseptic to the canty 
and the upper suiface of the palate 

The packs in the lateral incisions are remoied in tMent3-four to 
forty-eight hours and the sutures m three iieeks If the child is 
intractable, it ma3^ be necessar3 to gue an anesthetic for this 

Loss of weight ma3’^ be expected m all instances, because the mouth is 
so uncomfortable that the patient does not vish to snallov 303 thing 
This requires persistence in feeding and attention to all details that 
will hasten healing 

Otitis media is a frequent complication m repairs of the lip and of the 
palate and must be watched for and tieated In 1113113 instances incipient 
or actual otitis is found in the pieoperatue examination, and if it is acute 
the operation is, of course, dela3ed Although otitis was fairl3 frequent 
in a large series of patients, none of them had sei ere mastoiditis 

Postopoatwe Elevation of Tempo ahn c — Tins s3mptom following 
repair of a cleft palate, when not due to infection of the ear or of the 
lung IS probabty due to infection m the nose involving the nasal surface 
of the palate If this infection continues o^ ei several da3 s, there is 
probabilit3^ that the suture line Mill not hold m some area and that an 
opening will persist in the palate Combating this condition is difficult, 
but except for gentle cleansing and suction of the discharge and appli- 
cation of mild antiseptics, togethei with medication to shrink the mem- 
branes, little can be done Sulfanilamide of com se 11133'^ be gn en if it is 
felt that it ivill cause no bad effect on the healing of the fine suture line 

CARE OF RAW AREAS (BURNS, ULCER OF THE LEG ETC ) 

Geneial Caic — The general care of the patient is of primari 
importance and includes the exercise of patience and gentleness , interest 
in the surroundings should be dei eloped, especialh" when the patient 
IS a child Nutrition must be kept up and transfusions mai be required 
frequentl3’- 
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Local Ca)e — The care of open wounds ha^; h» Vo object- the clean- 
ing up of the aieas as quickly as possible, so tb?l ’ e lost surface may 
be restored with skin grafts before damaging coiitncfuies ba\e occurred 
and before debilitation and pain have developed be' ono control Surgical 
drainage may be accomplished by the use oi '-aluie dicssings or bv the 
continual saline bath for fiom one to thiee hoi’-, i da\ lollowed by 



Fig 4— A, debridement of the wound with the patient in a ';ahnc hath />, 
patient w'lth a severe burn of the leg who has started occupational therap\ tor 
burned contracted fingers ecen before operation 


application of drj heat or further wet dressings (fig 4) -Mam anti- 
septics, common and proprietary, and gentian Molet ma\ be ii'-cd but 
diluted solution of sodium hypochlorite (Dakins solution) i' u-inlly 
relied on it anything other than saline solution is thought ntcc-^arv 
A firm pressure dressing that is kept moist In irrigation and conibr tn 
With cleaation ot the part mat be of great ad\aiitagc c-ptc dh lo 
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lesions of the extremities, marked impiovement may be noted ^\lthm 
foity-eight hours It is possible to change edematous, spongy bluish 
granulations to a good, red film base by use of pressure so that the 
granulations do not have to be cut down or burned with siher nitrate 
Pam should be kept dowm to a minimum wdien the dressings are 
removed, and the) ma)' be soaked oflf giadually m a bath It is important 
that some protector be used next to the w ouiid to prevent the granulations 
from growing up tin ough the coarse meshes of the usual surgical gauze 
For this, old linen, perfoiated cellophane-like material oi very fine 
mesh gauze is usually satisfactory, so that diessings can be removed even 
from childien wntli a minimum of discomfort (It is felt that the routine 
use of fine mesh gauze over all open wounds is a very important point 
in this w^oik ) When cellulitis is controlled, grease dressings (bismuth 
tnbromphenate [xeroform] 4 per cent zinc oxide 5 pei cent merthiolate 
ointment 1 2 000 or scailet red 5 per cent) on fine gauze or linen may 
be used, these allow the patient greatei freedom, but they are usually 
not used for seveial days immediately pieceding operation Plain 
petrolatum is not used because it is apt to cause maceration Gentle 
mechanical cleansing of wounds daily with soap and water is important 
in keeping crusts and dead tissue cleared away but care should be 
taken not to disturb epithehzation There are so many ointments in 
current use foi wounds that they all cannot be included here (cod liver 
oil, paraffin, sulfliydryl-containing compounds, allantom, mercurials) 
Application ot sulfanilamide or of one of its dernatnes directly ovei the 
raw' areas ma) be indicated at times 

Surgical drainage and pressure dressings usually produce bright red, 
firm granulations m the w'ounds, fiee from surrounding cellulitis Bac- 
teriologic studies hare shown that it is probably easiei to get sterile 
cultures from small w ounds than from very large open areas A thorough 
Carrel-Dakm technic is an advantage, but careful eraluation of the 
geneial condition of the patient and of the gross appearance of the 
granulations and the surioundmg tissues usually suffices for determina- 
tion of the time for operation Bacillus p)ocyaneus is one of the w'orst 
organisms to contend w'lth in skin grafting but soap and water fre- 
quently applied, followed b) 5 per cent gentian riolet or a mercurial 
dye antiseptic, seems to give fair results (fig 4) 

Another important result from the use of the saline bath is that 
secondary contractures often wall ha\e been straightened out by the 
voluntary effort of the patient, wuthout traction or restraints Most 
patients are extremel) grateful for the bath and realize then first com- 
fort in it, and it has occasionally been a life-saving measure There 
may be a bad reaction to it how'ever and there is frequently an eleva- 
tion of temperature If any of the bad effects aie too severe the bath 
ma)' be omitted at least temporarily 
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\Vhen out of the bath, patients can be kept coinfmtabl} waim in a 
coveied bed with oi witlioul diessmgs Ihis allows tree ino\ement 
and makes the nursing somewhat easici F kcti ic lights nia\ be strung 
above the patient to supph^ waimth, but tlie\ ha\e nothing to do with 
the treatment 

Ulcos of the Leg — The pioblem ot pieparation iiuludes lest m bed 
elevation and elastic pressuie suppoit ot tht kg and nnklh intiseptn. 
vet dressings ^Vhen the patient comcs in with a loul dnt\ uktr ot 
the leg, often the fiist step is to put him m a hath tub aiul let hini see 
how clean he can get himself w ith soap watei and a brusli I'o'topt i uu e 
care is important for piotection of the graft ino snppou ot die blood 
column A minimum of two to thiee wtt.ks o, ksi u Ifti si'miid bt 
given and then giadual activity allowed with the are i hin h 'oppoittd 
with a mild ointment and the leg caretulK wrapped .n in t! ist;e bandage 
This support IS maintained until there is n<> inestion o* ei j"bit with 
circulation and edema 


Hands — Foi burns of the hands e\ei} ctloit is i ni lorili t.- jir \enr 
the deep infection that wall so rapidh fiv tendons an-1 joints and pi" 
duce deformities that may never be otertoine Flic t.ist tu\itnitut is 
soap and w'ater cleansing and gentle debndtment then the bind s 
wrapped in fine mesh grease gauze and bandaged \ daih saline soak 
with further debridement followed bv a new dressing is earned out 
until the W'ound is ready foi grafting when it is best to discontinue the 
use of grease dressings if possible This method might be called suigual 
drainage, in contradistinction to the sealing of the areas with tannic 
acid or plaster of pans Active movement should be eiicouiaged dining 
the soak, the fingers should be dressed apart and the entire hand should 
be kept m the position of function Most bums will be read) foi giatt- 
>ug in three w eeks if tendons have not been exposed and frequenth the 
single application of a split graft may be all that is necessari If ^^^bere 
has been an extensive, deep bum it is often advisable to dress tie 
wound with a thick split graft as soon as the sloughs aie separate an 
the granulations are clean, so that healing may stimulate actne inoie 
ment and articulai fixation may be limited, secondan repairs ma) 
done later, as necessary On all dressings of the hand in ''bici tiere is 
any question of circulation in the fingers the tips should be e t open 
lor inspection (fig 4 J5 ) 

Neck — A short comment on this region ma) be worth ''bi 
state that free grafts will grow' on the neck if close attention o 
and fixation of the first and subsequent dressings is gnen 
of the most important points for success is that the patient should >e 
fed w ith a feeding tube through the nostril for four to six a\ s a 
operation to pi event chewung and swallowing as much as po. 
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Pedicle Flaps — In the postoperative caie of a pedicle flap there is 
often a question of its viability, that is, the maintenance of its blood 
supply An adequate arterial supply is, of course, important, and if 
tins fails little can be done However, venous congestion, as expressed 
by general duskiness of the flap, will usually respond to a gentle pressure 
dressing which seems simply to keep the venous channels compressed 
Massage and warm moist compresses have been recommended for 
this condition, but these aie apt to produce more harm than good, and 
It is felt definitely that a gentle piessure dressing is as important for 
flaps as it is for a fiee graft 

Whatevei peiinanent dressing is desired is applied, and then a 
separate pressure dressing of cotton naste is placed over the area of 



Fig 5 — Sheet aluminum, 0 0016 inch thick, used for a nasal splint (A) It is 
covered with old linen held on with rubber paste, and the adhesive tapes on the 
cheeks supply gentle elastic pressure The nasal part of the splint may be cut 
off and used on the nose, being held with rubber cement or collodion after fresh 
adhesive tape or gauze has been put o\er the splint (5) 

attachment of the flap Many flaps that aie actually blue at the end of 
the operation will respond to this diessing The flap should be observed 
and the dressing real ranged at hourly intervals as long as there is any 
question 

There is a form of cential venous thrombosis that may occur in 
tubed flaps in an occasional patient, for which little can be done except 
to combat the infection that is usually the cause 

ROUTINE CARE OF FREE FULL THICKNESS SKIN GRAFTS 

Cutaneous eruptions are contraindications to reconstructive opera- 
tions especial!}'' and patients aie thoroughly examined for any sign of 
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them at the time of the regular physical examination and again on the 
morning of the opeiation If large giafts are to be taken, tlie clotting 
time should be determined 

One should be sure that there is an adequate aiea ol prepaiation, both 
m the field of operation and at the donoi site Haii should not be 
shaved from the abdomen or from the thigh if the giatt is to be applied 
on the face, as these areas are haii beaiing 

Di cssutg m Opciating Room — The giatt is co\eied vith fine mesh 
giease gauze (scarlet red or bismuth tribiomphcnite [\ciotorni] and 
then with plain gauze, cotton waste or a marine sponge is then placed 
over the entire aiea, and a pad is placed ovei it A snug bandage is 
then applied so as to obtain an CA'en elastic pressuie o\er the uliole giafl 
Extra care must be taken to immobilize the parts and adjacent loints and 
prevent slipping and to pieient vomitus from getting undti the diess- 
mgs (fig 2) 

If satisfactory, this dressing is to lemain m place si\ to eight da)s 
It can then be removed and the stitches taken out It the aiea is pei teeth 



Fig 6— Multiple tooth forceps with the teeth running up the shank instead 
of across the end This makes possible gentler grasping of tissue '\iid, therefore, 
less scratching of the skin The teeth will also steady a needle until it can I e 
pulled through 

clean, the same type of diessing is reapplied, and there is no need of 
changing it for several daj'S if there is no slipping and if no sign of 
infection is present 

If blebs occur, they should be opened and all dead epidcimis remmed 
The area should be painted caiefully with gentian wold or some 
suitable mild antiseptic Sloughs should be remo\ed where po''Sil)lc 
especially so if pus tends to creep undei them If infection is present 
wet dressings of boric acid oi saline solution should be app itc am 
kept moist at all times A skin graft dressing should neicr )c a 
to dry, it should either be kept moist or haie a grease gau/c dressmg 

on it III 

If blood clots are present the graft is careiulh incised the do, 

IS emptied if possible and the edges of the skm are allowed to dnp 

down m place It is not necessari to trim the edge^ awae utile- thw •> e 

infected 



1206 


“ c^*^ „ „t *e 5^«f;’;t“<l«V 

tbe ones except tba 

caie t® ^’J^fdoes not^^^ve 

T:Ue san-^ . as to t y^^y aie pressure 

»« “‘ rt - "-'i 

„ ^>nt to DC i' a,na tn^^ sratts 

are apr day vViAcbness » 

dnrd to tt'^ long ^^^der ^dU «:jc-ray 

” , ,ee. 1 :'t- 

prease *o aPor^ tn ^i^tee to t d Dr sod dress'Dg 

® *' ‘‘Thas to be ° ^^lis ttt'' «gu'at *= 

,n2 v/\rrc\r ba that s ^^^tb t dress'Dg ’ „ r'^ct 

Ot tod oio^^' \i P"’'’lw^e«o«'' *a gteaee ^'“""^gralt aod 
tot «ay ; are trsoaW J' «*« " ot *e » *e 

overWP'O* 'tS"od, as .dtaW'f '' 

dresstng 'S reaPP^ sorroondotg 

•■“■'■\ri ••* citsr '';S' “•"• 

^:v^o tayets o ta en, t^P®’ dre pa^'^ atoDD^ 

,s loose. *« be retook y tresl ep ,t be P , 

,he stati sboold jears a ^ ,^^ger dr ^ays ’'trended 

=""S^gedbelo« tbe »^,e also beeo jj,,, ,ets W 

healing jej one ' s,\,et hotreret. P ose 

tbis and tbc acrO ’detnrrs, aDd 

lor cteanb donor si ^ tbe deabDg’ 

\or ose ovet^ d« hve eon^^„ ee tb= 

‘“7fig 2) e to t'-reloe days ttere^^^^ ^ ^ n^^ t ,a 

P d:::"v%"is"'''"n"^^'- .tbebom to .1- 

rd:s‘ - rS r^«%:r;::- - ■"'^' 

'^-'Sr^ealntgoecdt^^ 



BROU .\ ET AL—RECORSlRbCTlJE SURGERY 


1207 


patients and foi grafts of difteient thicknesses Infection seems actually 
to destro}’^ the cells, and healing ma} take as long as six to eight ueeks 
if intection becomes seveie Usually theie is complete surface coveiage 
with squamous epithelium at the end ot si\ dd\s hiu this will not 
stand any trauma foi about twelve da3^s 


PREPARXTION OF COTTON AIECH \MCS \\ A\D MARINI. 

SPO^GCS FOR PRESSLRF DRESCINCS 

The two types of waste illustiated ha\e pro\ed satistactoi\ toi most 
dressings The mateiial is cheap, easih handled and much moie easil) 
incorpoiated in a dressing than aie inarme s[)onge^ ( hgs 1 and 2) 

The waste is obtained in bales ot carious si/c tiom V q'lng Matcinls 
Inc, 2028 North Mam Street, St Louis or ^nme ^imilai c )mpam 
The white vanet)'’ is of shorter fiber and is blcaclitd The ( oar^e’" mater a' 
IS unbleached and has longer threads so that it is used for laiger diess- 
ings The cost is l2 cents per pound 

The bale is autoclaved at 30 pounds (13 6 Kg ) ot pressuie for one 
hour, then it is opened and suitable amounts are lestcnhzed m drums 
jars or wrapped packages for handling at the time of opciation It is 
hoped to have manufacturei s of surgical gauze supple thi' m large 
sterile packages to avoid the trouble ot preparation and a cnnkled 
gauze supplied by one of them is being tried at present 

iMarnie sponges should be of good quality large, soft and wool 
form,” and they should be bleached Bleaching does not injure them 
does not cost any more and helps m general in handling and in having the 
dressing appear clean These are prepaied b}' beating the loose dirt out 
washing in soap and water and then soaking m 1 1 000 meicurc 
bichloride or mercury cyanide for foi t) -eight hours washing out in 
saline solution, allowing to dry out and putting awav to dry Thee s lou 
not be stored wet but can be kept m drums oi sterile wrappers Thee arc, 
of course, remoistened to soften them wdien the} are apphe 
sponges are not to be handled b\ the clean nurse and are not to )v, p 
directly on wounds, because their steiility is only relative 


HOMOGRAFTING OF SKIN 

Although it is definitely knowm at present that homografts 
do not survive permanently, they will usuall} take success u 
persist for trro to eight weeks The, are then slonlj ahsorheh or 
IhroiMt off hut during the period that they are attache ' 

niiprocement m the general condition of the wound an le^ii 
■"itli increased cleanliness theie mav be an actual stiniu a ion 
taneous healing , , 

For the foregoing reasons it mat he 
"ho are dangerously debilitated by large open burn defee s 
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grafts so that the wounds may be completely or partly closed temporarily 
and thus allow the patient a respite from his discomfort This may be 
termed "dressing the wounds ’ m homografts and has proved life saving 
in some instances 

There is apparently no relation to blood grouping even down through 
the M and N groups, and, therefore, this does not have to be taken into 
account (In one of the most dramatic cases in a large senes the patient’s 
life was thought to have been saved by this procedure , grafts were used 
fiom 26 donors at one time 

When the homografts have disappeaied, the wounds are usually 
much cieanei , smaller and less painful, the patient has gained from his 
respite of pain and increasing debilitation and the repair may usually 
be completed Avith giafts of his own skin 

As has been leported previously, it seems certain that grafts from 
identical twins should grow and survive permanently 

Occupational Thciapy — This may play a most impoitant part in 
the outcome of the operation both from a mental and a pltysical stand- 
point and is especially impoitant foi burned patients who are to have 
a long peiiod of hospitalization Togethei with this, pltysical theiapy 
either \oluntary or by directed active and passive manipulation, may 
be of great assistance in pi eventing and overcoming secondai) stiftness 
of the tendons and joints (fig AB) 

TRACHEOTOMY ROUTINE 

Patients with lespiratory difficulty should be watched closely in the 
waid, and the surgeon m chaige should be kept posted fiequently, as 
sudden changes m the patient’s condition and even sudden death aie 
apt to occur The tracheotomy set, procaine hydrochloride and glo\es 
are to be ready at the beside of the patient The technic of tracheotomy 
should be known by the house officer m charge, and he should keep 
m close touch wuth the ward at all times 

These patients make a great effort to bieathe, but they gradually 
wear out, moiphine is not given, because it may be just enough of a 
depressant to the respiratoiy center to stop its function Atropine is 
not given, because it may dry out the ainvay just enough to allow one 
part to stick to another and occlude the passage Having steam in the 
room may help to keep the trachea moist Light sedatives may be 
used with caution 

Tracheotomy should be done early and in the operating room if 
possible If m doubt, one should open the trachea, any error should 
be made on this side The pulse of the patient should be watched If the 

2 Drs Ljnian Brewer and Alfred Gelhorn assisted ably and untiringly in 
caring for this patient 
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rate goes up, it is probable that the lieait is being ta -.eel, and at this stage 
It IS better to open the trachea than to allow the patient to can} on an 
uphill fight against the obstructed airway It is pieteiable to open the 
trachea with dehbeiation so that caieful dissection can be done, but 
regardless of how oi when it is done the opening should alnays be 
below the first tracheal iing To open higher may lesult m lar}ngeal 
stenosis The thyioid isthmus may be cut thiough it necessaiy 

Moist inhalations and the use of ammonium chloride oi potassium 
iodide may be advantageous if secietions aie thick 

If there is any sign of heart failure, it is well to have medical con- 
sultation as to the advisability of digitalization 

If the patient swallows with difficulty, a feeding tube may be insei ted 
through the nostril However, the nurses should be advised about the 
danger of giving too much liquid at one time, as it is apt to reguigitate 
and overflow into the lai}nx Small sips of watei or ciacked ice can 
still be taken by mouth If the feeding tube fui ther embari asses i espira- 
tion (before the trachea has been opened) it should be remo\ed 

Aftei the trachea is open, special instructions should be given to 
the nurses about keeping the inner tube clean and free of clots of blood 
Pipe cleaners are easy to use, but any gauze oi cotton that can be pushed 
through the tube with a probe will do Care of the Inner Tube It 
should be kept clean, it should be boiled at least twice a dat and beli- 
ever else there is any special contamination It should be scoured inside 
and out each morning If there is obstiuction to bieatlinig e\en \\hen 
the innei tube is clean, there may be a plug oier the lover end of the 
outer tube, and, if so, the entire tube should be remoied and cleanc 
It may also be too short and may hai e slipped out of t le trac ica 


opening ' , 

If left in very long, the tube becomes foul, and the entire inside o 

the trachea ivill develop an oftensive odoi tliat is possibh due to a 
pyocyaneous infection The entire tube therefore, should le remo\ cc aiu 
cleaned as necessaiy When the tube is out and being c eance , c 
must be taken that the opening does not contiact so t lat t le tu e c 
be introduced again The tune limit for keeping the tube out iini not 
allow for steiihzation and cleaning of the tube, and, if not it is necL-s-in 
to have an extia tube on hand to put m as soon as t le c , 
removed The obturator should be kept at the bedside rcad^ for me 
anv tune the entiie tube has to be leinserted Tiie drcsMiui 
tube and the tapes should be changed as ofteii as thee 

In all manipulations of the tube one should be as ecuk as ^^ss, 
One should try not to touch the sides of the trachea v.ih the kvy nu 
of the tube, as to do so irntates the area and ^tart- e.ok.n eoujii 
Each tune the inner tube is put back in a ( rop nr \ o 
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circulation, speed of blood flow increased In 
presence of hyperthyroidism, 348 

clinical use of synthetic sub- 
stance resembling vitamin K (2 methyl-1 
4 naphthoquinone) 912 '' 

phosphatase activity of infected fractures 49 
hrnertenslon 348 
urologic hypertension 579 
protein and malnutrition 1041 

^'^ear!y"’canus''43 Phosphatase activity in 
''Torrec&’^sao'" treatment of, 307, 

decompression of dis- 
tended small Intestine, 710 
Body Fluids See Fluids 
Bones See also under names of bones 
angioendoihelioma of, 1026 
Diseases See Osteomv clltis , etc 

®''sk1letiiryS“^?J“38" 

effect of roentgen rays on 1037 

general reactions of skeleton after fracture, 

Ir 2.^ bime ash on repair of 984 
Marble See Osteosclerosis fragilis 
Brackin R E New method of ureterointestinal 
anastomosis utilizing peritoneum 658 
Brain See also Nervous System 
cerebral complications following surgical op- 
eration , etiology and pathology Zi ** 
surgery preoperative and postoperative care 
in neurosurgical procedures 1176 

resembling chronic mas 
titis produced by injection of endocrine sub- 
stances into 2 strains of mice differing”in 
their susceptibility to mammary carcinoma 

tot 

changes in anterior lobe of pituitary gland 
after administration of estrogen 784 
disturbance in estrus cycles in mice which 
had spontaneous mammary carcinoma, 774 


Breast — Continued 

effect of injection of estradiol benzoate {oes- 
troforra B), 802 

effect of injection of gonadotropic substance 
from urine of pregnant women (follutein 
Squibb) 812 

effect of injections of estrone (amniotln), 791 
effect of lactogenic principle of anterior pitui- 
tary (prolactin), 816 

endocrine constitution of 2 strains of mice 
with tendency to spontaneous mammary car- 
cinoma, 773 

endocrine dysfunction in women with chronic 
cystic mastitis, 756 

hyperplasias of mammary gland in human be- 
ing and in mouse , morphologic and etiologic 
contrasts 733 

inflammation disturbances of menses and 
chronic mastitis 757 

inflammation , lesions resembling chronic mas- 
titis produced by injection of endocrine sub 
stances into 2 strains of mice differing in 
their susceptibility to mammary carcinoma 
787 

mastectomy, clinical pathologic study demon- 
strating why most mastectomies result in 
incomplete removal of mammary gland 6 
ovaries of mice of cancer susceptible and can 
cer-resistant strains, 776 
thyroid morphologic structure characteristic 
of mice with liigh incidence of cancer 783 
Broders, A C Xanthoma of tendon sheaths 
and synovial membranes, clinical and path 
ologic study, 483 

Brooks, B Effects of pressure on tissues, 696 
Brown, J B Preoperative and postoperative 
care in reconstructive surgery, 1192 
Buie, D A Preopcratlvc and postoperative 
care in anorectal surgery 1116 
Buirge R E Studies in etiology of acute ap 
pcndlcltis, inquiry into factors involved in 
development of acute appendicitis folloifrlng 
experimental obstruction of appendical lu 
men of rabbit, 929 

Byars, D T Preoperative and postoperative 
care In reconstructive surgery, 1192 

Calcaneum, ankle fusion for correction of para- 
lytic drop fool and calcaneus deformities, 90 
Calcification See under Tendons , etc 
Calcium experimental goiter due to, 98 
Calculi Sec Bile Duets, Kidneys, Urinary 
Tract etc 

Callus See also under Fractures 
tissue metabolism and phosphatase activity in 
early callus 43 

Cancer See also under names of organs and 
regions as Bile Ducts Bladder, Breast, 
Prostate, Rectum, Urethra, etc 
complications of osteomyelitis 1018 
metastasis to scalp distinction from evim 
droma and from carcinoma of dermal ap 
pendages 672 

Carbuncle Renal See Nephritis 
Carcinoma See Cancer 
Carpus See Wrist 

Carter, R F Etiology of stone in common bile 
duct, 103 

Cave E F Carpus with reference to frac- 
tured navicular bone 54 
Cecum, importance of simple ulcer of right side 
of colon in diagnosis of abdominal disease, 
959 

studies in etiology of acute appendicitis, in- 
quiry into factors involved in development 
of acute appendicitis following experlmenfal 
obstruction of appendical lumen of rabbit 
929 

Choledocholithiasis See Bile Ducts calculi 
Chordotomy See under Spinal Cord 
Chyluria See Urine, chyle 
Clawfoot See Foot deformities 
Colin D C Tumors of lateral thyroid com- 
ponent 585 
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Colon See also Cecum , Intestines , Sigmoid 
imnortance of simple ulcer of right side of 
colon in diagnosis of abdominal disease 959 
new method of ureterointestinal anastomosis 
utilizing peritoneum, 658 
prcoperatiie and postoperative treatment of 
patients with lesions of small intestine and 
of colon 1083 
Congress See Societies 
Contrast Baths See under Baths 
Conwaj H Regional and general temperature 
response following etperimentallj induced 
acute inflammation and Infection 917 
Cope 0 Gastric secretion , new gastric pouch 
with nonleaking stoma and intact nerve 
supph , description of 2 stage technic used 
on dog 717 

Cubbins W E Compound fractures, 844 
Cilindroma metastasis of carcinoma to scalp 
distinction from cylindroma and from car- 
cinoma of dermal appendages G72 
Cjsts See under names of organs and regions, 
IS Ivldnejs Sebaceous Glands, etc 

Darrach, W Compound fractures, 821 

DeBakev AI Therany of phlebothrombosis and 

tlirombophlebitis 208 

Deformities See under names of diseases or- 
gans and regions as Fingers and Toes , 
Foot Hip Joint Kidneys , Wrist etc 
Dennis C Studies in ctiologj of acute appen- 
dicitis , Inqulrj into factors involved in de- 
velopment of acute appendicitis following 
experimental obstruction of appendical lu- 
men of rabbit 029 

de Takats G Amputation for periplieral vas- 
cular disease 253 

Diabetes Mellitus clinical classification of le- 
sions of lower extremities associated with 
diabetes guide for operation and level of 
amputation, C83 

diabetic gangrene, review of 972 cases of 
gangrene associated witii diabetes mellitus 
treated at >ew England Deaconess Hospital, 
352 

preoperative and postoneratlve treatment of 
patients with diabetes 1037 
Diet and Dietetics effect of diet on composition 
of liver in presence of obstruction of com 
mon bile duct 1104 

Digestive Tract effect of digestion on circula- 
tion of blood 350 

Drummond, D H Pliospliatase activity of in- 
fected fractures 49 

Tissue metabolism and phosphatase activity 
in earl} callus 43 

Duncan G W Effects of pressure on tissues, 
OO 

Dunph}, T F 'tucccssfiil autotransplantation 
of adrenal gland in dog 1 
Duodenum adenosquamous carcinoma of pcrl- 
papillar} portion of 088 
preoperative and postoperative care of patients 
with lesions of stomach and of duodenum 
10C3 

Ulcers See Peptic Ulcer 
Editorials 

peripheral vascular disease JCI 
Flectrolvtos and bod} fluids 1040 
Flcphnntlasls Ivmphcdemi of limbs 232 
Elllston M A Sevent} -first report of progrc'S 
in ortliopedlc surgery 1014 
Fmbollsm Sec also Tlirombosls 

and tlirombosls complications follonlng sur- 
gerv 1042 

licparln in surgical treatment of blood ves 
sols 307 corrtcllon 820 
traumatic fat embolism, 1027 
Endocrine Glands disfunction In women with 
rlironlc cv'tic mastitis 730 
endocrine constitution of 2 strains of mice 
vvltli tendrnev to spontaneous i-arwarx 
caroinonia, 773 


Endocrine Glands — Continued 
lesions resembling chronic mastitis produced 
bv injection of endocrine substances Into 2 
strains of mice differing In liieir susceptl 
bllify to mammarr circinomi 787 
Endociinc Thera pv Sec under nimes of glands 
and iiormonis as Pit iitar} Preparations 
etc 

Epiphvses persistent of vertebra! process lOH 
Estradiol Benzoate See Estrogens 
Estrogens See also Pregnanev urine In 
changes in anterior lobe of piiultan gland 
after administration of 784 
effect of injection of estradiol benzoate (oes 
troform B) 802 

effect of injections of estrone (imiilotinl 781 
effect on vascular spasm due to active angiitis 
in extremities 334 

Estruation changes in adrenal glands associated 
with reproductive cjcle 777 
disturbance In cstrus cvcics in mice wlilcli 
had spontaneous mammary carcinoma 774 
Exercise See also Afhiclles 
active vascular exercises 1C3 
effect on circulation of blood 330 
Extremities See also under names of bones 
Blood SuppI} Sec also Artcrlasclcrosis 

Blood vessels Embolism Thromboangiitis 

Obliterans Tlirombosls 
blood suppI} active vascular exercises lfi"> 
blood suppb amputation for peripheral v as 
ctilar disease 2"3 

blood suppI} baths {sitr whirlpool centrist 
and soaks) in trealmcnt of occlusive vasm 
lar disease 1C8 

Wood supnlv conservative treatment of occlu 
sive arterial disease 1C3 
blood supply effect of estrogens on vascular 
spasm due to active angiitis in extremities 
334 

blood siipplv influence of temperature on 
elerelopment of gangrene in pcrijdicril vas 
cuiar disease 325 

blood suppl} periplieral vascular disi asi 
{editorial) 191 

blood stipplv peripheral vasospasm from lo- 
bacco 277 

blood supplv surgical Intervention on svmpa 
Ibcllc nervous svsiem for periplieral vascu- 
lar disease 289 

blood supplv svmposliim on periplieral vas- 
cular diseases 190 

blood supplv therapeutic use of various tls 
sue extracts 173 

blood supplv treatment of peripheral vascular 
disease with vas oscillating bed (San- 
ders) 570 

Wood supplv treatment with pressure sue 
tlon hoot 180 

clinical classlflcatlon of lesions of lower ex 
Ircmillcs associated wllb dialielrs guhli for 
operation and level of amputation fs3 
effect of temperature of s) in of extrerltii' 
340 

Ivmphcdcma of limbs 2''2 
paralvsls an),le fusion for correition ec jara 
Ivtlc elrop foot ami calcanius defiwrnle' 

oo 

periplieral clrculaforv failure or i o-t ICtl 

Fat Firlioll'm *400 under rrboH.- 
Pemur sice also Hip Joint 

treatment of obsle'ric frac'ures e> 19 I 
Fibula transplantation to I'bix Ifs 
Uno J Changes In rla«-a roll-' r'^c • 
dccoaipsesston of e'l 'i-'id -a II * ’< ' 

710 

ringens and Toes 8,c a! o 1 < '• lU-2 

at s'OT— 'alitif s o u r-tic ife-cc-it- ' e sg 
i-er toe 10~: 
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Shan, R C Plasmocjtoma of thjroid gland 
report of case, 046 
Sigmoid See also Colon, Intestines 
carcinoma of rectum and of rectosigmoid in 
joung, 83 

surgical treatment of sigraoldoveslcal fistulas, 
897 

Situs Inversus See Viscera, tnnspositlon 
Sitz Baths See under Baths 
Smith, r B Plasmocytoraa of thjroid gland 
report of case, 646 

Smitli L A Speed of blood floiv In arteries 
and in veins of man 344 
Smithwich, R H Surgical intervention on 
sympathetic nervous sjstem for peripheral 
lascuHr disease, 286 

Societies American Association for Studi of 
Goiter, annual meeting, 584 
Soutlieastem Surgical Congress annual meet- 
ing 584 

Sodium Tetrathlonate Therapj See Tliromho 
angiitis Obliterans 

Tliiosulfate, Therapy See Thromboangiitis 
Obliterans 

Spinal Canal Roentgenographj iodized oil mje- 
lography use in diagnosis of rupture of 
intervertebral dish into spinal canal, 444 
Spinal Cord See also INcrvous System , etc 
compression of spinal cord and nene roots 
by herniation of nucleus pulposus in cer- 
vical region, 417 

gastric crisis of tabes dorsalis treatment bj 
anterior chordotomj In 8 cases, 997 
protruded Inten ertebral disk with compression 
of nerve root and spinal cord, 454 
Spine arthritis , orthopedic treatment of 
Strumpell-Maric arthritis, 1020 
clinical aspects of protruded intcrrertebral 
disk, 433 

compression of spinal cord and nerve roots 
by herniation of nucleus pulposus In cer 
vical region 417 

fusion of cervical portion in congenital torfi 
coUis 1015 

intrasplnal protrusion of intervertebral disks 
454 

Iodized oil myelograplij , use in diagnosis of 
rupture of Intervertebral disk into spinal 
canal, 444 

motion in vertebral column 1038 
neurologic picture of herniations of nucleus 
pulposus in lower part of lumbar region 
375 

pain low in hack caused bj protrusion of 
intervertebral disk 1022 
pathology of intervertebral disk 3S9 
persistent epiphyses of vertebral process 
1021 

Iirotruded Intervertebral disk nith compres- 
sion of nerve root and spinal cord 454 
symposium on protruded Ititervcrtebrai disks 
(Introductory note), 373 
Sport Sec Athletics 

Spurllng, R G Iseurologic picture of heriii 
atlons of nucleus pulposus in loner part 
of lumbar region 375 

Sited high chromium low nickel sled in 
operathc fixation of fractures 867 
Stewart, G A Tumors of lateral the void 
component 583 

Stewart H I, Adenosquamous carcinoma of 
peripapillary portion of duodenum 988 
Stomach, gastric secretion , new gastric pouch 
with nonleaking stoma and Intact ncrii 
supply, description of 2 stage technic used 
on dog 717 
hmpliosarcoma of 120 

preoperatiio and postopcratiie care ot 
patients with lesions of slomacli and of 
duodenum 1003 
Ulcers See rcplic Ulcer 
Stookes, B Compression of spinal rord and 
nerve roots by herniation of iiuckus pci 
posus in cervical region 417 
Strilmpcll-AIarie s Disease Sec Spine arthritis 
Suprarcnals See Adrenals 


Surgery cerebral complications following sur 
gical operation etiology and pathology 24 
effect of operation on circulation of blood 
3al 

general prlneiples of prcopeiatlyc and post 
operative treatment 1039 
military treatment of compound fiacttire, 
yvitli reference to military surgical procyd 
ures 825 

plastic prcopcrntiye and postoperatiy t care 
in reconstructne surgery 1192 
preoperative and postoperative care in ano 
rectal surgery 1116 

preoperatlyc and postopcratiie care in imiro 
surgical procedures 1176 
pieopcrative and postoperative care of patniif, 
nith lesions of heart and ot pericardium 
1151 

preoperative and postoperatiy i cirt of pa 
tients yrith lesions of stoniaeli ind of dm. 
denum 1063 

preopcrallve and postoperatiy t cirt ot pi 
tients with surgical diseaccs ot ehist 11 >> 
preoperative and postopcritiic nuni„timm 
In gynecology 1164 

preoperatiie and postoperative tr.atmetu In 
urology 1185 

preoperatiie and postoperallvt tn itmmt ,i 
patients yvith diabetes in'7 
preopcrallve and postoperatm tr< urn n > 
patients with lesions of small miistin ,i, i 
of colon 1083 

preoperatiie and postopcratiie tr uirm 
fovic goiter 1123 

feiveat Glands carcinoma of siu it ar, i t 
ceous glands 681 

Sympatiicctomy, clleet on speed of lih t i i , 
348 

surgical Intervention on sympatlulit m u 
system for peripheral vascular dlsi a > . i 

Symposium on peripheral vascular disi isis imi 
to appear in later issues of An lilies 'I 

Synovial Membrane xantlioma of tendon slu itli 
and synovial membranes clliile il and 
patliologlc study 485 

Svphllis Sec under name of organs and ni. 
ions 


Tabes Dorsalis gastric crisis of Ireitmuit li 
anterior rliordotomy in 8 ciscs na" 

Tarsus See Ankle loot sie irdiold Bone 
Tarsal 


Taylor H C Jr Ilvperplasi is of mainmari 
gland in human heing iiid In mouse n or 
pliologic and cllologlc eontrasts 7 }", 

Temperature See also Heat 

effect of temperature of skin of tvtremitlis 
349 

infiucncc on devolpment of gangrene In peri 
piieral vascular disease 320 
regional and general lempcntiirc ri'-pun 
following csperlmentally indue id acute iii 
flammatlon and infection 917 

Tendons disioeatlon of cyleiisor teinion' In 
hands 1028 

supraspinatus calcifleatlon of 1022 
siiprasplnatus lesions of 102 
transplantations I0i2 
tuberculosis of tendon 'In itli 101s 
vanliioma of tendon siuatlis iid 'i i 1 I 
membranes clinic il am pi!holr,ii ti li 
485 

Testicles In pertropii' 575 
tumor 575 

Thels r 5 Tliro’ilo ngil ! el U ' 
treatment with 'odiim utrat’! u 
sodium llilosulfate I “t 

Thompson C J leihw rf nl ' ‘ % a 
5*9 


Thompson r U C istrlc ert M 
trie poucli witli i onh i in- 
tact nene 'uppi' ''<_e r't i 
technic mi d e i ei I 
Tliora\ 1 tratl or on 1 1 ir ' 
vleiv of iileri'u’a i n 
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